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MUNICIPAL STEAM HEATING SYSTEM AT CLEVELAND, 
OHIO! 

By H. W. Katser? 

The municipal steam heating system serves a business and resi- 

dence district about four and one-half miles east of the Public Square, 
in and around the Euclid and East 105th Street section, as shown on 

the map, figure 1. It had its beginning at the time just previous 
to the completion of the Museum of Art in Wade Park in 1912. 

In order to dispense with a smokestack in the park, the idea 

presented itself of heating the Museum with steam from the Fair- 

mount Pumping Station. The distance between the station and the 

-Art Museum was so great that the expense of running a steam line 
between the two was prohibitive when weighed against the unde- 

sirability of having a heating plant in the park. To reach the Art 
Museum, however, it was necessary to pass very close to the densely 
populated residence and business section at East 105th Street and 

Euclid Avenue. It was then decided to sell steam to consumers in 
that vicinity, in order that they might assist in financing the project. 

Accordingly, a canvas was made of the district, and prospective 

consumers were asked to sign an application for service, pledging 

themselves to buy steam from the city, provided the line was installed. 

1 Read at the Cleveland Convention June 7, 1921. Discussion is invited 

and should be sent to the Editor. 
2 Assistant Mechanical Engineer, Water Department, Cleveland, Ohio. 
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As a result of this survey, estimates were based upon the distribution 
and sale of steam at a maximum of 2500 boiler horse-power. 
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Fig. 1. Map or Mounicrpa Heating System 

The estimated cost of preparing the boiler plant for the additional 
load, and of installing the pipe lines was completed and presented 
to Hon. Newton D. Baker, the Mayor, who brought the subject 
before the Council. 
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MUNICIPAL STEAM HEATING SYSTEM 561 

On July 15, 1912, an ordinance was passed by the Council appro- 
priating $50,000 for additions to the boiler house and equipment of 

Fairmount Pumping Station, and for the installation of pipe lines for 
municipal steam heating purposes. Work was immediately started 

on the underground mains and on the additions to Fairmount Pump- 
ing Station boiler house and equipment. 

Since all pumping station equipment was designed for condensing 

operation, and no exhaust steam was available for heating purposes, 

and also due to the great distance between the pumping station and 
the center of distribution, it was obvious that steam should be con- 

ducted and distributed at high pressure. This permitted the use 
of very much smaller pipe with the resulting lower pipe and pipe 
covering costs than if low pressure steam were used. 

Steam was turned into the heating mains in September, 1912, 
but the revenue derived from the sale of the steam for the first three 

months was very small. Most of the steam generated during this 

interval was used for testing and experimental work on the services. 
For this reason, the cost of operating the heating plant uptoJanuary, 

1913, was charged to construction. The total of all construction 

charges to that date was $48,700. 

During the year of 1913, contracts to the amount of $159,500 
were let for additions to the boiler house and equipment. Up to 

January 1, 1914, about half the work covered by these contracts 

was completed, and by the end of the year practically all of the new 
equipment was installed and in operation. For this reason, January 
1, 1915 has been used as the starting point in computing the life of 
the plant. 

The length of line installed the first heating season was about 
8200 feet and served approximately 176,000 square feet of radiation. 
Manholes for expansion joints were installed about 400 feet apart. 
Halfway between the joints the pipe was rigidly anchored to a heavy 
concrete block. From the anchors to the expansion joints the pipe 
was carried on rollers in an absolutely straight line. Wherever 
there was a bend in either a horizontal or vertical direction, the pipe 
was again anchored securely enough to take care of any thrust due 
to unbalanced pressure. 

When the lines were laid, two kinds of covering were used, the 

principal constituent of each being magnesia. One type of covering 
was moulded in half of a tile pipe, which formed the protective cover 

for the top and bottom. Since the covering was somewhat larger 
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MUNICIPAL STEAM HEATING SYSTEM 563 

than the outside diameter of the steam main, an air space was left 
between the line and the insulation. This method proved impracti- 
cal, as moisture caused the covering to disintegrate and fall to the 

bottom of the tile, forming a soggy mass. 

The second type of covering was sectional magnesia which fit 
snugly around the steam line, eliminating the air space. This 

covering was protected above and supported below by a split tile 

Note: Al/ of service 
covered as 
faras house 

pipe, similar to ordinary sewer pipe, except for a longitudinal flange 

on the lower half. This tile pipe was supported on a bed of crushed 
stone, in which a drain pipe was laid. This tile together with the 
crushed stone kept the line properly drained. 

This method of installation is still being used, except that an 

asbestos sponge felted sectional covering is used instead of a magnesia 
covering. 
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MUNICIPAL STEAM HEATING SYSTEM 565 

All mains and services are about 5 feet below the surface. 

The sketch of the manhole, figure 3, shows a typical piping arrange- 

ment in a manhole for connecting to a service installation, serving 

one or more consumers. The steam passes first through a shut- 

off valve (A). Next we have two reducing valves (B) and (C) 

in series. The two valves are set for the same pressure, the second 

functioning only on failure of the first one. These valves are set 

at pressures ranging from 10 to 22 pounds, depending upon the num- 

ber and kind of consumers served. The second valve is tested 

regularly by an inspector, who does so by holding the first valve 

open until the pressure in the service main builds up to the desired 

point. This prevents any high pressure steam from entering the 

consumers’ premises. These service connections are installed and 

covered in the same manner as the mains. 

The steam enters the house from the manhole, figure 3, to the base- 

ment through a low pressure line (P), figure 4, and passes through 

a third reducing valve (D). This valve can be set at any predeter- 

mined pressure depending upon the requirements of the individual 

user. 

In some instances an automatic thermostatic control is used in 

connection with this valve. After passing this point the steam goes 

through the system, the condensate returning through the same line 

except where the separate return pipe system is used. The lines are 

all pitched toward the meter. The condensate returns first to a 

trap and then discharges into the meter and then to the sewer. These 

meters are read every month and consumers billed accordingly. 

Before being sent into the distribution system, the steam is metered 

in the station by General Electric Type F S—4 flow meters, figure 

5. The piping is so arranged that either a 4-inch, 6 inch, or 8 inch 

supply line may be used as the quantity of steam may require. 

The Pitot tubes for each meter are inserted in the proper lines just 

above the valve which controls the line. Different size supply ines 

are used so as to maintain a velocity head large enough to register 

accurately on the flow meters. It is evident that when the demand 

for steam is small, the use of a 4-inch line would give a better regis- 

tration on the meter than could be obtained with an 8-inch line. 

Just before the steam leaves the station, it passes through a 6- 

inch reducing valve. This valve operates quite satisfactorily in 
mild weather, when the quantity of steam used is small. In severe 

weather it does not permit the steam to pass fast enough, and a 
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by-pass must be used. It is our intention to replace this meter be- 

fore the next heating season with a reliable reducing valve of sufficient 

size to operate satisfactorily under all conditions. 

Under average temperature conditions the steam leaves the station 

at about 100 pounds gage pressure, dry and saturated. This pressure 

is increased to 125 pounds in severe weather and decreased to about 

60 pounds in mild weather. With this initial pressure, the final 

pressure in the extreme ends of the high pressure mains is about 30 

pounds. There is a reducing valve at the beginning of every low 

Fic. 5 

pressure branch line. These valves cut the pressure down to about 

22 pounds or less, depending upon the length of the low pressure 

line, and the kind of consumers it serves. 

At the present time there are about 206 consumers on the line, the 

total heating surface being approximately 270,000 square feet. 

The Elysium, an artificial ice skating rink, located near Wade 

Park, uses steam at approximately 85 pounds pressure for driving 

refrigerating machinery of approximately 100 horsepower. 

The characteristic condensation curve, figure 6, for the heating 

system, plotted from averages of five years, shows that in mild 
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MUNICIPAL STEAM HEATING SYSTEM 567 

weather there is a greater percentage of steam lost than in severe 

weather. This is due to the fact that the amount of condensation 

is practically the same from month to month regardless of tempera- 

ture changes. At the beginning and end of the heating season, when 

a small amount of steam is being used, the percentage of condensation 

loss is, therefore, larger than during the colder period when a greater 

quantity of steam is supplied. 
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You will note that the curve of average temperatures during the 

heating season, has the same characteristics as the curve showing 

condensation loss. 

The curves, figure 7, show graphically the relation between the 

amount of steam delivered to the heating system, and the amount 

recorded on the consumers meters. For the period of years shown, 

an average of 75.3 per cent of the steam delivered to the heating 

system was recorded on meters of consumers. The difference is 

accounted for by meter under-registration and condensation in the 

mains. The greatest loss during the six year period occurred in 

May when only 50.82 per cent was recorded, and the smallest loss 

was in December, 81.5 per cent being metered during this month. 

It will be noted that the demand for steam has decreased since 

1917, while the number of square feet of radiation has increased. 

This was caused by a decided increase in the cost of the steam to the 
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consumer. This had the effect of causing each consumer to pay 

closer attention to his use of steam, with a view to keeping it aslow 

as possible. 

When the heating system was first installed, the rate charged the 

consumer was as follows: 

per month 

35 cents per 1000 pounds of steam for the first......... 300,000 
30 cents per 1000 pounds of steam for the next........... 1,200,000 
25 cents per 1000 pounds of steam for all over........... 1,500,000 

All bills were subject to a discount of 10 per cent if paid within 
10 days, and a penalty of 3 per cent if paid after 10 days. This 

rate schedule was changed January 1, 1918, to a charge of 75¢ 

per 1000 pounds of steam used, regardless of the quantity. The 

10 per cent discount was retained. 

The cost curves, figure 8, show the relation between the amount 

received for the sale of steam and the cost of producing it. The 
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570 . H. W. KAISER 

amount received for the sale of steam exceeded the operation and 
maintenance charges until 1917, when the unprecedented increase 
in the price of coal, labor and supplies forced these costs above the 
revenue derived. The price of steam to the consumer was increased 

to meet these rising costs in 1918 and the curves again assumed 
their proper relationship. 

As stated previously, the life of the plant is calculated to be twenty- 
five years, beginning January 1, 1915, and running until January 
1, 1940. The original investment as well as additional investment 

from year to year, is all intended to expire in 1940. Therefore, the 

sinking fund and interest are figured on that basis. 
As can be seen from the curves, the revenue from the sale of steam 

was large enough for 1918 and 1920 to cover all the charges against 
the system and show a profit as well. The other years, the plant 
operated at a loss. 

This fluctuation was caused by the variation in the amount of 
steam sold, the price at which it was sold, and the price of coal, labor 
and supplies. Since the cost of these items entering into the cost 
of steam is now decreasing, and our steam consumption is again in- 
creasing, we should be able to operate at a profit every year. 
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SOME NOTES ON COLLOIDAL CHEMISTRY AND WATER 
PURIFICATION! 

By Mitton F. Stern? 

Colloidal chemistry is intimately associated with many phases 
of water purification. The raw water contains substances of a 
colloidal nature, the processes of coagulation and filtration involve 
colloidal phenomena, as do also those of color and iron removal. 
Even the destruction of bacteria by germicidal agents may be viewed 

in this light. As often happens with the introduction of a new 

science into an old and well established art, such as water purifica- 
tion, there has been an attempt to explain all the unsolved problems 
through its application, so that in a manner all that was obscure or 
mysterious in the water purification field has been assigned to the 
realm of colloidal chemistry. 
Much has been said of electrical charges in colloidal chemistry 

and by use of this conception many of its phenomena have been 

explained, and a very clean cut and satisfactory theory has been 
evolved. But to the careful student it must appear that colloidal 
chemistry is rather a heterogenous collection of phenomena, which 

are neither physical nor chemical, and the writings of the foremost 

authorities seem very cautious of such a theory, excepting perhaps 

as a secondary effect. In many instances colloidal chemistry 
merely states in new language what was long known and well ex- 

plained by the old chemical conceptions. This may be illustrated 
by the tendency to treat compound salts as adsorption products. 
Sometimes the explanation of phenomena by the new science and 

the coining of new, exotic terms seems to be carried to the point of 
extravagance. 

1Read before the Chemical and Bacteriological Section at the Cleveland 

Convention, June 9, 1921. Discussion is invited and should be sent to the 

Editor. 
2Civil Engineer, Chicago, III. 
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Coagulation with aluminum sulphate 

Fundamental equations. Aluminum sulphate reacts with the 
hydroxids and carbonates of the alkali and alkaline earth metals 
according to the well-known equations: 

1. Al, (SO,)3 + 3 Ca (OH), = Alp (OH)s + 3 CaSO, 
2. Al, (S0,)s + 3 NaeCO; + 2H,O0 = Al (OH): (COs)2 + 3 Na 

SO, + Hz CO; 
3. Al (S0x)s 3 CaCQs, 2H.0 = Al, (OH): (COs)2 

+ 3 CaSO, _ 4H.CO; 

The equations (2) and (3) differ from the usual form in represent- 
ing the precipitate as a basic carbonate instead of.as the hydroxid of 
aluminum as in equation (1). This seems to be borne out experi- 
mentally when all products of the reaction are analyzed, as well 
as the precipitate. It is possible that the basic carbonate is an 
adsorption compound, and the loss in weight on heating above 

150°C., would predispose toward the belief that the carbonic acid 

was adsorbed in the aluminum hydroxid as it formed. On the other 
hand, the sulphates can be fully accounted for in the supernatant, 
while the carbonic acid cannot, and there is a decided difference in 

the details of reaction and the appearance of the precipitate as 
obtained in the three cases which the equations represent. In all 
cases the precipitate carries additional water of hydration. 

These reactions of course comport themselves with due regard 
to the laws of mass action as respects the effects of time, concentra- 
tion and temperature, a fact which is mentioned merely because its 
assertive existence is obscured in the minds of some by the secondary 
colloidal phenomena involved. 

The reactions in distilled water 

When aluminum sulphate is added to solutions of sodium car- 
bonate, hydroxide, calcium hydroxide or calcium bicarbonate of 
equivalent strength in distilled water, essentially free from carbonic 
acid, the reaction is very slow. With a temperature of 20°C., and 

with 10 grains per gallon of aluminum sulphate, coagulation becomes 

visible in one hour, and the reaction completes itself in two hours; 

while with lesser doses the time of reaction increases up to 5 hours 
for visibility when only 3 grains per gallon are used. With less than 
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COLLOIDAL CHEMISTRY AND WATER PURIFICATION 573 

3 grains the reaction becomes very slow, while with 1 grain no coagu- 

lation appears even after several days. The precipitate in all cases 

forms rather large globular flocks, almost transparent and widely 

separated. The rate of settling is slow, almost invisible. 
It is frequently the case that great difficulty is experienced in 

obtaining coagulation with clear waters, especially if they are almost 

neutral, contain carbonic acid, or are of low temperature In such 

cases it is necessary to add soda ash or lime to make up for the lack 

of alkalinity. It may be that no coagulation occurs in the settling 

basins, but a finely divided floc appears in the filtered water. When 

this occurs the cause is treated more or less as a mystery or is vaguely 
attributed to colloids or to inhibitive effects. I believe it is satis- 

factorily explained as the natural reaction with aluminum sulphate 
and the equivalent of alkali in the very dilute solutions employed 
and that this merely follows the law of mass action. Furthermore 

there is no nuclear matter on which precipitation can commence. 
The action of carbonic acid seems to be one of retardation, as it is 

opposed to one of the phases of the forward reaction. 

The reactions in turbid water 

In turbid waters these reactions are much more satisfactory. 
In the case of a suspension of kaolin in distilled water, using the 
above equivalent amounts of aluminum sulphate and soda ash 
the reaction is much more rapid, and the coagulation is good and 
settlement rapid. Coagulation occurs with ali doses from 1 grain 

per gallon upward, the time element being an inverse function of 

the size of dose. This effect may be due to the mutual precipitation 
of the kaolin suspension and the colloidal aluminum hydroxide, 
or it may be that the suspended particles of the former furnish a 
nucleus for the reaction. 

Practically, the usual turbidity is caused by clay suspensions 
which at the same time impart a considerable alkalinity to the water 
making it unnecessary to add an alkali to a turbid water, so that 

much of the difficulty encountered in coagulating a clear water is 
avoided. 

The practical measure of turbidity 

A distinction should be made between turbidity and suspended 
matter. Such suspended matter as would settle out by plain sedi- 
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574 MILTON F. STEIN 

mentation in passing through the settling basin is of minor importance 
in coagulation, only insofar as it adsorbs a small amount of coagulant. 

On the other hand, such suspended matter as does not settle below the 
zone of flow while passing through the settling basin must be coagu- 

lated and represents the turbidity with which we are concerned in 

coagulation. It would therefore seem more logical to base the 
turbidity reading not on the shaken sample, but on the matter 

remaining in suspension at a definite time after shaking. This 

period of settlement in the sample should be based on the flowing- 
through time of the settling basin, being a definite fraction of this. 
I have been using 30 minutes of settling as an average value. The 
usual turbidity reading immediately after shaking should also be 

made. A comparison of the two gives an index of the character 
and fineness of the suspended matter. 

Effect of excess of alkali on coagulation 

To a series of vessels of distilled water we may add increasing 
amounts of an alkali or an alkaline carbonate, starting with zero 

at one end and finishing with say 200 parts per million at the other 
end. To each of the vessels an equal dose of aluminum sulphate 
is then added. Commencing at the zero end, increasing amounts of 
coagulum will be formed, reaching a maximun at the point where the 

amount of alkali is equivalent to the amount of aluminum sulphate, 
and then decreasing gradually until finally a point is reached where 
no coagulation occurs. I have not found a cyclic occurrence of this 
effect as mentioned by some writers. 

It has been suggested by various writers that this failure to obtain 

coagulation is due to the formation of soluble aluminates according 

to the equation: 

4, Al, (SOx)s + 6 Nae COs; + 6 = 2 NasAlO; + 3 + 
6 Hz COs; 

However, the same failure of coagulation is obtained with calcium 
hydroxide as with sodium hydroxide or carbonate, although calcium 
aluminate is insoluble. Furthermore, the failure to coagulate 
does not take place with twice the amount of alkali or calcium hydrate 

required for coagulation, but when the concentration of hydroxyl 
ions is twice that required for coagulation, which is quite another 
matter, as the degree of ionization enters in. 
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The presence of carbonic acid has the effect of increasing the 
amount of alkali necessary to inhibit coagulation, in that it seems 
to neutralize an equivalent portion of the alkali present. For this 
reason also the inhibition does not occur in coagulation with excess 

of sodium, calcium or magnesium bicarbonate. The presence of 

clay or turbidity partially offsets the inhibitive effect of alkali and 

caustic lime. 

It would be instructive to study this matter in terms of hydrogen 

ion concentration, since evidently it is due to the free hydroxyl 

ions present, and does not occur when these are repressed by 
hydrions. 

Before leaving the subject of coagulation it is well to emphasize 
again that most of the difficulties encountered occur with clear 

water. In the case of turbid water it is largely a question of adding 

the proper amount of coagulant. Yet there are filtration plants 
which must treat a highly polluted and yet clear, soft water part 

of the time. Unless under such conditions coagulants are used in 

large amounts, passably good bacterial efficiency cannot be obtained 
and the use of the necessary amounts is usually discountenanced 
by municipal authorities, because of the excessive operating cost 

engendered. With such limitations, partly physical and partly 
economic, it is not logical to expect satisfactory results, and it should 
be recognized that a portion of the burden borne by filter plants 

under more normal conditions must then be shifted to chlorination. 

Usually the pollution factor under such conditions can be traced 

to direct introduction of sewage into the raw water at some point 
above the plant, and an active policy of sewage purification is in- 
dicated. By clear water in the above sense is meant water from 

small streams in dry weather or in large canalized streams, rather 
than supplies such as the Great Lakes, which contain a slight trace 

of turbidity and sufficient salts to materially assist coagulation. 

It should be recognized then that with clear, soft (and in certain 
cases acid) waters, carrying a high bacterial pollution, and perhaps 

some of the organic colloids associated with sewage, rapid sand 

filtration is not an unqualified success, because its effectiveness de- 

pends on coagulation, which is difficult to obtain under these cireum- 

stances, either with alum alone or with the addition of lime or soda 

ash. Long reaction periods, fine sand and deep layers thereof in 
the filters, and low rates of filtration are of some value. Sources 

of sewage pollution in the raw supply should be traced out and 
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576 MILTON F. STEIN 

corrected by disposal works and disinfection. But even with these 

remedies recourse must generally be had to chlorination, not as an 

additional safeguard, but as an essential element of the purification 
process. 

Color and coagulation 

It is almost needless to say that in speaking of color in water, 
true color is meant and not that due to iron or to the apparent 
color imparted by turbidity or suspended matter. The usual colored 
water has a clear yellow or brownish tinge, which is not removed by 

passing through filter paper. It is usually found in clear soft water, 

and manifests its peculiar properties best in such water. It may 

also be present in turbid water either coexistent with the turbidity 
or as part of the vegetable matter in the clay, but under such con- 

ditions is less troublesome or may even pass unnoticed because of 
the clay suspension predominating in the behavior and reactions of 
the water. Whenever color is present, certain peculiarities and 
difficulties in coagulation occur and must be overcome to effect its 
removal. 

Water acquires color thru contact with decaying vegetation in 
swamps, sluggish streams or reservoirs. The coloring matter is 

of a complex organic nature, consisting of tannates and gallates, 

glucosides of gallic and other organic acids; substances having cer- 

tain characteristic properties in common. In some ways they re- 
semble the alums of inorganic chemistry, being strong astringents, 

precipitating gelatine, and behaving similarly toward certain dyes. 

They derive their name from association with the tanning industry. 

For the sake of simplicity, I will confine myself to tannic acid, the 
other tannins having very similar properties. In some instances 
my observations have been at variance with those given in chemical 
books, which may be due to the fact that in water purification the 
solutions dealt with are very dilute. 

Tannic acid 

Tannic acid, also called gallo-tannic or digallic acid, in a pure 

state is a light brown, flaky powder. It dissolves very readily in 
water, giving a colorless solution, which soon turns yellow. My 

experiments indicate that the color change is due to light, and not 

to oxidation, since solutions containing no air or carbon dioxide 
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COLLOIDAL CHEMISTRY AND WATER PURIFICATION 577 

quickly turn yellow on exposure to the sun, but if kept in darkness, 
do not color, even if aerated or saturated with carbon dioxide. 

Tannic acid solutions exhibit colloidal properties, as may be shown 
by dialysis and in other ways. In structure it is formed of two 
molecules of gallic acid joined together with separation of water. 

Gallic acid is trihydroxybenzoic acid. Consequently the formula 
of tannic acid is Cy4HioO 9. The colored solution which develops 

on exposure to light is meta-tannic acid. That is, the light 
effects an internal rearrangement in the atoms of the tannic acid 

molecule. From its structure, tannic acid contains one replaceable 
acid hydrogen, and in many reactions this is replaced by a metal 

or other positive radical just as would occur with a simple inorganic 
acid, such as carbonic acid. It is only slightly ionized, being barely 
within the acid range of methyl orange, but falls well within the 

phenolphthalein range, which is a good indicator to use. Inci- 
dentally, for this reason, colored waters may show an erroneously 

high CO, reading. With calcium hydroxid, sodium hydroxid, 
carbonate and bicarbonate, and with calcium and magnesium 

bicarbonates, that is, with salts which in the generally accepted sense 
are alkaline, it forms opalescent, brown or greenish solutions of a 

colloidal nature. It does not react with sodium, calcium or mag- 

nesium sulphates and chlorides, and in dilute solutions, hydrochloric 

or sulphuric acids do not precipitate it. With metallic sulphates 
a precipitate forms, which with iron sulphate is dense and bluish 

- black, and with aluminum sulphate, rather meager, flocculent 
and of lavender color. 

Color in water 

As just mentioned, solutions of tannic acid turn yellow on exposure 
to light. On the addition of alkaline salts of sodium, calcium or 
magnesium, the solution becomes a pronounced brown, and at 

times has a greenish cast, especially with magnesium. Light acceler- 
ates this reaction, but is not essential. It may be stated that the 
resulting color is due to the tannates formed, since the production 
of an equivalent amount of carbonic acid in the case of carbonates 

indicates an actual interchange, but certain facts encountered in 
color removal incline toward the color as being due to tannic acid 
in presence of alkalis. The intensity of color is proportional to the 
amount of alkaline salt present. These colored tannate solutions 

exhibit the same colloidal properties as does tannic acid. 
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Color removal with aluminum sulphate 

A. Acid color. As suggested previously, when aluminum sulphate 

in amounts from 1 to 20 grains per gallon is added to tannic acid 

solutions of such strength as occur in natural waters, a flocculent, 

lavender precipitate is formed in all cases. The reaction is slow, 
requiring about 24 hours or more. Exposure to light and air are 

necessary for its occurrence. Although neither tannic acid nor 

aluminum sulphate gives more than a faint indication of acidity 

with methyl orange, the supernatant liquid after this reaction is 

decidedly acid to this indicator. This residual acidity is equal to 
the equivalent of the tannic acid originally present. Since the super- 
natant liquid does not contain aluminum nor react to tests for tannic 

acid, it seems reasonable to suppose that the reaction depends on 

the hydrolysis of the aluminum sulphate, the combination of the 
slightly hydrolyzed aluminum hydroxide with the tannic acid to 

form what in dyeing is termed a “lake,” which precipitates, leaving 
free sulphuric acid in solution. The low speed of reaction favors 

this view also. Because of the dilute solutions and the known effect 

of light on some organic compounds, such a possibility seems less 
unreasonable than would otherwise be the case. 

B. Alkaline color. If equal quantities of an alkaline colored water 
are poured into a series of vessels, and aluminum sulphate is added to 
each vessel, the amount added increasing from vessel to vessel, the 
results observed are interesting. The several vessels having the 
lowest dose of aluminum sulphate retain their clear brown color, 

the following vessels become opalescent, but no precipitate is thrown 
down, then further along in the series there is a point where coagula- 
tion takes place. This point is well defined, all vessels containing 

less coagulant do not coagulate, and all vessels containing more 
coagulant, coagulate very thoroughly and leave a clear supernatant. 
By careful manipulation this critical point can be located to within 
0.1 grain per gallon of coagulant, that is, a dosage of alum can be 

found such that no coagulation takes place, but addition of a tenth 
grain more will cause complete coagulation. The floc that forms 
is very coarse, flocculent, and settles readily. It is light brown in 

color. Coagulation and settlement occur most rapidly at slightly 
above the critical point, but as the amount of coagulant increases 
the reaction becomes slower. I have added excess coagulant in 
varying amounts up to twice the critical value, under which condition 

the reaction became very slow, but eventually clarification resulted. 

= 
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The position of the critical point is as follows: 
If the amount of soda ash or other alkali present is equivalent to 

the amount of tannic acid present, then coagulation occurs when 

the amount of aluminum sulphate added is equivalent to the tannic 

acid present (and of course also equivalent to the soda ash present). 
If the amount of soda ash or other alkali present is more than 

equivalent to the amount of tannic acid present, then coagulation 
also occurs when the amount of aluminum sulphate added is equiva- 

lent to the tannic acid present, but the color is only partly removed, 
and additional amounts of aluminum sulphate effect a proportionate 

reduction of the residual color, until with an amount of aluminum 

sulphate equivalent to the total soda ash present, complete color 
removal occurs. 

If the amount of soda ash or other alkali present is less than 

equivalent to the amount of tannic acid present, then coagulation 

occurs when the amount of aluminum sulphate added is equivalent 

to the amount of soda ash present, giving a clear supernatant, but 
with larger amounts of coagulant, larger amounts of precipitate 
are obtained. 

This may be better formulated, so as to give an insight into the 
internal mechanism as follows: 

a. Alkali exceeding twice tannic acid. The aluminum sulphate 
added combines with the free alkali to form aluminum hydroxide, 
which is inhibited from precipitating by the tannic acid, until an 
equivalent amount has formed. At this point coagulation com- 
mences, further addition of aluminum sulphate combining with the 
remaining free alkali and then with the alkaline tannate to form tannic 

acid and aluminum hydroxide, which precipitate, releasing and pre- 
cipitating an equal amount of the aluminum hydroxide previously 
formed, so that after the critical value there is a gradual removal of 
color. 

b. Alkali twice tannic acid or less. The aluminum sulphate added 
combines with the free alkali to form aluminum hydroxide, which is 
inhibited from precipitating by the tannic acid until an equivalent 
amount has formed. At this point coagulation commences, and 
additional aluminum sulphate combining with the tannate precipi- 

tates, and releases an equal amount of the aluminum hydroxide 

already formed, which also precipitates, so that after the critical 
value there is a gradual removal of color, and at twice the critical 
value all the color is removed. 
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c. Alkali equal to tannic acid. Aluminum sulphate added combines 
with the alkali from the tannate forming aluminum hydroxide and 
tannic acid in equal amounts, resulting in inhibition until an amount 

of aluminum hydroxide equivalent to the tannic acid has been formed. 
A slight addition of aluminum sulphate beyond the critical value 

causes complete coagulation and color removal. If aluminum sul- 
phate in excess is added, the rate of reaction decreases in proportion 
to this excess, probably because a basic sulphate of aluminum and 

tannic acid are first formed, later being precipitated by hydrolysis 
as described under “Acid Color.”’ 

d. Alkali less than twice tannic acid. Aluminum sulphate added 
combines with the alkali from the tannate forming aluminum hy- 
droxide and tannic acid in equal amounts, inhibition resulting until 
all the alkali has been used up in this way. This is the critical point, 
at which coagulation occurs, and all color is removed. Additional 
aluminum sulphate causes additional precipitate with the residual 
tannic acid, as described under “ Acid Color.” 

It is difficult to make a perfectly satisfactory general statement 
of these reactions, but it is possible to visualize the conditions men- 
tally after studying a number of concrete cases. In the instances 
considered the components: alkali, aluminum sulphate, and tannic 

acid enter in; in every case there is the inhibition between aluminum 
hydroxide and tannic acid, and the final product of a mixed precipi- 
tate of aluminum hydroxide and tannic acid, with in some cases 

an after precipitate of an aluminum tannate. Probably the two 
precipitates are identical in character, which partakes of that of 
the “lakes” of the dyeing and paint industries. It is evident that 
carbonic acid may enter in to change the critical point, as explained 
under coagulation, and probably also other factors not here con- 
sidered. 

Color removal in practice 

Colored water may be clear, with a yellowish tinge, or it may 
appear turbid, in which case its true character may be obscured by 
the seeming “colloidal turbidity.” It has a varying alkalinity, 
but usually a rather high CO, reading, due in part to organic acid. 

If treated experimentally with aluminum sulphate, there will always 
appear a critical point at which coagulation commences. If no 
such critical point occurs, the color, if present at all, is not of practical 
importance, it being then merely a question of turbidity removal. 
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Not only the amounts of alkalinity and coloring matter, but their 
relative proportions must be considered if complete removal is de- 
sired. If the alkalinity exceeds or equals the coloring matter then 
sufficient aluminum sulphate must be added to combine with the 

total alkalinity. If the alkalinity is less than the coloring matter, 
then an amount of aluminum sulphate must be added to combine 
with the total coloring matter, and sufficient lime or soda ash added 

to supply the deficit between the coloring matter and alkalinity. 
This assumes that a complete removal of color, as well as tannic 
and other organic acids is desired. If merely enough coagulant 
is used to effect coagulation at the critcial point or to remove the 
colored tannates, gallates, etc., a pale but persistent color will 

reappear due to the action of light upon the free tannic acid remain- q 

ing in solution. This is the “residual color’? which is mentioned in ; 
the literature on the subject as being so difficult to overcome. As j 
just indicated its speedy removal requires equivalent amounts of 
both aluminum sulphate and lime or soda ash. Besides a careful 

estimation and application of coagulants, color removal requires 

adequate time, which means amply large coagulation basins. 

The test for color and tannins in water 

I feel that the present method of testing and recording color 
is insufficient. It is at best the record of a physical impression. 
The shade and depth of color does not measure the true value of the 
components which are the causative factors, nor does it furnish a 
proper working basis for treatment. Thus a water containing a large 
amount of tannic acid and a low alkalinity would give a less color 
value than one in which the reverse were true, although the former 
would manifest more strongly the peculiar characteristics associated 
with color, and would require the more complete color treatment. 
While the present color test gives desirable physical data, there 
should be tests which will give the free and combined alkalinity, 
and the total acids of the tannic group. The usual indicators, 
methyl orange and phenolphthalein, are handicapped by the color q 
already present, and in the case of the latter by the fact that it would 
indicate carbonic acid as well as the organic acids desired. As to 

possible methods, a coagulation test for the critical point, or titration 
against hide powder to determine the tanning value suggest them- 

selves. Other lines of attack may be in the determination of organic 
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solids in the evaporated sample, permanganate titration or an elec- 

trolytic method for determining total acidity regardless of color 
changes. 

As this question of color affects many turbid waters we cannot 
make much progress in improving the methods of coagulating such 

waters, or determine the coagulant needed on a rational basis, until 

better means for estimating color are available. 



THE WASTE OF WATER IN DETROIT! 

By Grorce H. 

The information that has been gathered on the consumption and 
waste of water in Detroit is of interest for several reasons. 

1. A water works system was installed in Detroit nearly one 

hundred years ago, and pipes laid eighty years ago are still in service. 

2. Ninety-eight per cent of all active service connections are 

now metered. 

3. A pitometer survey covering the entire city isnearing completion. 

4. As Detroit is served with a direct pressure system, hourly 

records of consumption are available. 

5. Detroit is the largest city in population in the United States, 
and the writer believes in the world, having nearly all of its con- 
nections metered. 

6. As the quantity of water available from wells has been negli- 
gible, the people of Detroit have been at all times compelled to 
obtain their entire supply for domestic purposes from the distribu- 
tion system of the water works. 

Definition. No small part of the difference of opinion that obtains 
among those interested in water works affairs is due to the different 

ideas that prevail regarding the meaning of the verb “waste.’’ From 
books of reference, the writer learns that to waste means to expend 

without adequate return; spend uselessly, vainly or foolishly; employ 

or use lavishly, prodigally, improvidently, or carelessly; cause to 

be lost through neglect. In spite of the fact that this definition of 

a simple word is easy to understand, there is lack of accord in its 
use. As evidence of this, some consumers believe that so long as 

they are paying for water by meter measurement, the use or misuse 
of the water concerns no one but themselves. Other users will 

agree that water escaping from a leaking fixture is waste, even when 

the supply is metered, but believe circumstances may make legit- 

1 Read before the Cleveland Convention, June 7, 1921. Discussion is 

invited and should be sent to the Editor. 
2 General Manager, Board of Water Commissioners, Detroit, Michigan. 
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imate the opening of a pen stock in extreme weather to prevent 
pipes from freezing. 

Description and history. The City of Detroit is located on the 
north and west side of the Detroit River on land very uniform in 

contour, the highest point within its limits being 65 feet above the 
surface of the river. The water system was installed by a private 
company in 1827, and in 1836 this was purchased by the city. When 

Detroit was but a hamlet, the settlers were unable to secure water 

from wells and were compelled to obtain their supply from the De- 

troit River, because of the nature of the material underlying De- 
troit and vicinity. This deposit has a thickness in Detroit of over 

100 feet, and is composed of a compact bluish and unstratified clay 

charged with pebbles and boulders, of glacial origin, and generally 
impervious to the flow of water. 

Beginning with the first government census, the population of 

the city has increased steadily as follows: 1810, 707; 1820, 1442; 

1830, 2222; 1840, 9192; 1850, 21,019. From 1850 to the present, 
the population is shown graphically on figure 1, and estimates re- 
cently made place the population at 1,020,700. 

While the use of the pipe laid prior to 1853 has been discontinued, 
there still remains some that has been in service eighty years or 
more, as for example, a section of the 10-inch cast iron pipe in Jeff- 

erson avenue, laid in 1839. In 1861, or sixty years ago, the dis- 
tribution system contained 39 miles of cast iron pipe, and it is es- 
timated that about one-half of this is now in use. At present the 
distribution system contains 1480 miles of cast iron pipe in sizes 
from 4 inches to 48 inches in diameter, and 3 miles of 48 inch steel 

pipe. 
In 1886 the use of a reservoir was discontinued, and since that 

date the system has been operated as a direct pressure system. 
The first Venturi meter was set in a discharge main in 1902, and 
since 1913 all water pumped has been metered at the pumping 
station, and before 1913 allowance was made for pump slippage. 

The service connections are of lead and cast iron. 
Systematic metering was begun in 1889, when 194 meters were 

installed, and by the end of 1890 this number was increased to 856. 

The accompanying chart shows that approximately 10 per cent 

of all services were metered by 1897, and this ratio of the number 

of meters to the number of service connections continued fairly 
steady until 1912. 
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It will be seen by referring to chart 1 that in 1882 the per capita 

consumption was 120 gallons per day and in 1887 was 209. This 
phenomenal increase occasioned much discussion for several years. 

The marked decrease from 1887 to 1891 was due to at least three 
causes, to wit: the use of meters, which were at the time credited with 
all of the saving, although the number set was small; careful inspec- 

tion of premises; and the installation of by-passes on the vertical 
compound double acting pumps. The introduction of these by- 

passes permitted the capacity of the two 24,000,000 gallon pumps 
to be changed at will to 12,000,000 gallon pumps. The by-passes 
made it possible to eliminate the waste of large quantities of water 

which were allowed to flow into the suction wells at times when the 
capacity of these pumps working at minimum speed was greater 

than needed to supply the city. 
In Detroit, general metering was begun in 1913, and on July 

1, 1920, 97.4 per cent of all active service connections were covered. 

The greatest number of meters set in any month was 5345 in October, 

1918. 

The average water pressure as determined from 39 pressure gauges 

generally located in fire engine houses, in various parts of the city 
and read hourly is 31.5 pounds, the maximum pressure is 45 pounds, 
and the minimum pressure is 22 pounds. 

Consumption and waste. The items that enter here may be divid- 
ed and classified in various ways. A table has been prepared in the 
way that was most convenient for use in collecting the data, and the 
following explanations and remarks relate to this table. 

In computing the quantities based on meter measurement, an 

allowance of 5 per cent has been made for under-registration of 
meters. 

The first item covers 131,692 metered domestic accounts. This 

number was arrived at by subtracting the number of commercial 

accounts, as estimated from a careful examination of the city direc- 

tory, from the total number of metered accounts where meters 

were 13 inch or smaller. 

The water furnished 2985 domestic flat rate accounts is estimated 
by allowing one thousand gallons for every five cents of revenue. 
The meter rate in force is on a quantity basis and is $1.00 for the 
first 1000 cubic feet, 50 cents per thousand for the next 3000 cubic 
feet, and 35 cents per thousand for all additional. 
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On the 30th of last June, there were 164,779 service connections 

of all sizes in the city, and of these 145,053 were in use. On May 

1, 1921, it was estimated that the area covered by the water waste 

survey contained about four-fifths of the total population of the 
city. The total number of service leaks found by this survey in 
this area was 447, wasting 4,359,000 gallons per day, or approximately 
10,000 gallons for each service per day. All of the water wasted 
by the service leaks just mentioned was unmetered. By pitometer 

measurement 116 of these were found to be wasting 2,704,000 gallons 

per day, or about 23,300 gallons each. The remaining 331 were 

small service leaks which were located in connection with the in- 

spection of the houses for leaks and are estimated to have averaged 

5000 gallons per day each. 
The population of Detroit in 1920 as determined by the United 

States census was 993,739, and at present it somewhat exceeds one 

million. For the purpose of this paper, a population of one million 

has been used, and it is believed that no serious error has been in- 

troduced by the use of this figure. 
All services having meters 2 inches or larger are considered to 

supply factories and other commercial users, 1219 in all. This 

number includes some large apartment houses, but it is believed 
that the error introduced is small. 

The number of stores and other commercial accounts, estimated at 

7416, was arrived at by an examination of the city directory as 

previously explained. The water used for building purposes is 
found by allowing 1000 gallons for every 5 cents revenue in the 
same manner as with the domestic flat rate accounts. 

All water supplied to villages and factories outside the city limits 

is metered and the number of domestic consumers so supplied is 

negligible. 

The estimate of the total amount of water furnished for munic- 

ipal purposes is 17.44 gallons per capita per day, or 12 per cent of the 

total pumpage, or 13 per cent of the total quantity of water consumed 

within the city limits. Included in this is 0.39 gallons furnished 
free to charitable institutions and 0.95 gallons at one-half rate to 
other charitable institutions. The Department of Water Supply 

receives no revenue for 12 per cent of the water supplied the city. 

Flooding trenches is credited with 7 cubic feet per lineal foot for 
200 miles of trench. The estimates for paving, sprinkling, and 

flushing streets, and for flushing sewers are based on data furnished 
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by the Department of Public Works. Four of the 42 engine houses 

are metered. The water used in 15 ladder houses is estimated. 

Five of the 11 police buildings are metered, and the supply for 5 
parks, including Belle Isle, is metered. There are 12 unmetered 

park fountains, and the Pitometer Company found the average 
daily consumption for each of these to be 45,000 gallons. There 
are 150 continuous flow sanitary drinking fountains on the streets 

of the city, each of which is estimated to use 1100 gallons per day, 
and 150 horse fountains, each using, as determined by measure- 
ment, 18,000 gallons a day. 

The Public Welfare Commission during the winter months makes 

use of eight skating ponds, and it is estimated that each has a ca- 
pacity of 20,000 cubic feet, and that it is filled four times a season. 

All of the 14 public libraries are metered, 123 of the 161 public schools 
are metered, and the water used in 75 private schools is estimated. 
Of 35 other public buildings, 8 are metered. There are 32 charitable 

institutions receiving free water, and 30 on a half rate basis, all of 

which are metered. 

A careful estimate shows that 30,644,000 gallons of water were 
used in extinguishing fires during the year ending June 30th, 1917, and 

it has been assumed in preparing this estimate that there has been 
an increase of 40 per cent since that time in the use of water for 
this purpose. 
Up to May 1, 1921, the Pitometer Company has located, uncovered 

and stopped leaks in mains amounting to 2,533,000 gallons per day. 
During the past year there were 75 breaks in mains, and it is esti- 
mated that this loss amounted to 32,000,000 gallons. Of these 
broken mains, 5 were 24 inches in diameter or larger. Great 

care has been used by the department in laying large mains, and the 
following test is mentioned to show the result of careful workman- 
ship and good inspection. In 1909 a section of 48-inch cast iron 

pipe 14,907 feet long, containing thirteen hundred and sixty 48-inch 

joints, seven 42-inch joints, two 36-inch joints, and thirty-eight 
12-inch joints was tested after closing two 48-inch, one 42-inch, 

one 36-inch, and fifteen 12-inch valves, by supplying the entire 
line through a 1-inch meter for a period of 20 hours, and the quantity 

so supplied amounted to 690 cubic feet which was at the rate of 

258 gallons per hour. 

The quantity used for flushing mains includes that used for filling 

new mains and making blow-offs of dead ends, and is estimated to 

be 500 gallons per minute through the year. 
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The consumption figures given in table 1 are derived from meter 

measurements. 

The figures in the preceding table have been presented without 

attempting to have the amount accounted for equal the total con- 

sumption. It is known that considerable amounts are used that 

are not included in the table. For example: extinguishing fires in 
coal piles; use in Water Works Park not included in other parks; 
street sprinkling wagons operated in business districts; and sprink- 
ling street car tracks by street railway. 

Some of the difference can also be accounted for because of the 
industrial depression during the past few months, for the consump- 
tion in September last was 159 gallons, while in March it was re- 

duced to 131. This affects the table, because the metered consump- 
tion for any particulat month as determined by meter readings 

taken throughout the city includes water actually used two to five 
months previously, while the Venturi meters at the pumping station 
determine the consumption from day to day. 

Domestic consumption. According to estimates presented, the 
daily per capita consumption for domestic use is 56.05 gallons, and 
an attempt will be made to analyze these figures, by separating this 
quantity into several items. 

It is difficult to determine the domestic requirements by actual 
measurement, although attempts have been made by the Pitometer 
Company. 

In the survey covering the period from September, 1919, to May, 
1921, an examination was made of all properties where evidence 
seemed to show a waste. In only 50 cases was water found running 
to prevent freezing, amounting to 101,632 gallons per day. As 
this survey continued through all seasons of the year and only cov- 

ered a small area during the season of frost, only a small part of the 
waste to prevent freezing was detected. The amount of such waste 

naturally depends upon the temperature, beginning at 32°F. early 

in the winter and 40°F. late in the winter, increasing rapidly as the 
temperature drops below these points. 

Industrial depression during the winter of 1920-1921 reduced the 
consumption of water, particularly for manufacturing and railroad 
purposes, to such an extent, and the mildness of the winter reduced 
the need for putting into effect anti-freezing methods to such a de- 

gree, that the consumption tables give little information on which 
to base estimates of the quantity of water used to prevent the freez- 
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TABLE 1 

The consumption of water in Detroit 
Domestic 

Service connection 

Commercial 

1,219 Industrial plants and railroads................. 

Building 

Villages and outside territory 

Municipal 

62 Charitable institutions 

Water works 

Average per capita consumption per day determined by 

Venturi meter measurement July 1, 1920, to April 30, 

Gallons 
per capita 
per day 

46.48 

13.15 

4,23 
5.45 56.16 

42.77 

0.21 49.40 

3.53 

Sprinkling and flushing 0.53 

0.11 
7.23 

2.87 
0.01 
0.01 
3.01 

0.72 3.98 

140.14 
4.36 
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ing of plumbing. It has been found by measurement that the aver- 
age waste from one tap to prevent freezing is 2000 gallons per day. 
When one tap in 100 is allowed to flow for three months, the average 
daily waste for the year will amount to 0.75 gallons per capita; 
likewise when one in 50 is allowed to waste, the average is 1.5 gallons; 

one in 25, the waste is 3 gallons, and one in ten the waste is 7.5 

gallons. Before Detroit was metered, this waste could be expected 

to equal or exceed the last figure, but with meters it will probably 

exceed 0.75 gallons, and be less than three gallons. Because of the 

mildness of the winter of 1920-1921 the minimum amount, 0.75 
gallons will be used in this estimate. 

The summer of 1920 was cool and comparatively little water was 
used for sprinkling. From an examination of the charts made in 

connection with the water waste survey, there is but little evidence 
of an increased flow during the evening hours, and it is not possible 

from these to make an accurate determination. If it is assumed that 
two-thirds of the services are used at some time for sprinkling pur- 
poses, and that each service is used for one-half hour every second 
day through a period of three months, the yearly consumption 
will amount to 1.8 gallons per capita. It seems probable that with 
all services metered, water for sprinkling will be used at the rate - 
of between 0.9 gallons, and 2.5 gallons per capita, and for the season 
under consideration the former quantity will be used. 

The method of arriving at the estimate of the leaks in service 
connections, 5.45 gallons, was determined by the water waste survey 

and was explained on a previous page. 

The estimate of 22.33 gallons per capita per day for leakage through 
defective plumbing fixtures has been made in the following manner 
(table 2): 

In making a study of the use of water for domestic purposes, a 
considerable amount of data was collected in April of this year in 
an endeavor to determine the minimum night flow in districts of 
varying character. 

While the results are of a conflicting nature, they are mentioned 
here as they have a bearing on this subject. 

One block in the poor class foreign district was measured, first 
with a pitometer, and later with a 3 inch disc meter. It was found 
that the rate from midnight to 5 a.m. on Adelaide St. between St. An- 

oine and Hastings, population 242, 8 leaking faucets, 9 leaking 

toilets and 2 other defective fixtures, was 724 gallons per hour and 
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after making an allowance for leaks in fixtures, this was reduced to 
339 gallons per hour, which is the equivalent of a net night rate 
per capita of 33.6 gallons for this block. 

The consumption of water in two high class residence streets 
was measured as follows: Boston Boulevard between Woodward 

and Third Streets, population 83, 12 service connections, 3 premises 
equipped with Brooks lawn sprinkling system, with a total of 1120 

TABLE 2 

Estimate of the daily per capita consumption of water used at night rate for 
public pur poses 

GALLONS 
PER DAY PER 
CAPITA AT 
NIGHT RATE 

GALLONS 
PER DAY PER 

CAPITA 

Municipal 

Engine houses 
Ladder houses 
Police buildings 
Parks and boulevards 
Park fountains 
Drinking fountains 
Public libraries 

Public buildings 
Charitable institutions 

0.01 

10.92 

spray nozzles. This block when measured with a 2 inch disc meter 
from midnight to 5 a.m. gave a night flow at the rate of 64.4 gallons 
per capita per 24 hours. No opportunity was given for the inspec- 
tion of premises. The north side of Chicago Boulevard between 
Woodward Avenue and Third Street with 14 services supplying 83 

people under the same condition gave a per capita of 37.2 gallons. 
The night consumption in one high class apartment house, Sher- 

brook Apartments, was successfully measured from midnight to 

. Sprinkling and flushing streets................ 0.53 0.53 

0.025 

0.56 

17.41 

: 
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5 a.m., 18 people, 6 apartments, 44 faucets and 14 toilets, 153 per 

cent of the plumbing fixtures leaking, minimum consumption at the 

rate of 49.9 gallons per capita per day based on the night rate. Meas- 

urements were made on two other high class apartments, but as it 

was found impossible to determine the population and inspect the 

plumbing, the results are omitted here. 

Readings were taken in three better class apartment houses from 

midnight to 5 a.m. The Renaud Apartment, main building and 

annex, and the Touraine Apartments, 52 suites, 220 people, 320 

faucets of which 19 were leaking, 53 toilets of which 9 were leaking, 

gave @ gross per capita consumption of 19.25 gallons per day, and 

when corrected for leaks 17.20 gallons per day. 

This information on the minimum night domestic consumption 

is meagre and conflicting, and any conclusions drawn from it must 

be in error to some extent. The amount used in these estimates, 

22 gallons per capita, is probably a fair average for Detroit. 

Gallons per 
capita 

Manufacturing night consumption, metered, cover:ng district 
including 80 per cent of the populat on 

Underground leakage, measured, covering same district 
Underground leakage, not measured, 650 miles of mains at 

3000 gallons per mile 
Public night use, estimated 
Night domestic use, estimated 

Total consumption accounted for 

The minimum night rate furnished 80 per cent of the city as meas- 
ured by pitometer, was 86.42 gallons, and the difference between 

this amount and the 64.09 gallons accounted for is 22.33 gallons. 

In an endeavor to secure data on fixture leakage, an examination 

of the waste water survey records was made, and of all of the leak- 
ing fixtures examined, the inspector reported the flow for 4,336. 

The waste was metered in 90 per cent of these, and the balance 
estimated. The waste amounted to 4,238,196 gallons, or at the 

rate of 977 gallons per leaky fixture, with 80 per cent of the popula- 

tion included in the district surveyed, 17,597 leaking fixtures were 

discovered, which, at 977 gallons, accounts for 17,192,269 gallons 

per day. This is probably 10 per cent below actual leakage, for 
in many blocks where the night consumption was reasonable, no 
house inspection was made. 

19.82 

8.91 

2.44 

10.92 

22.00 
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When the quantity just mentioned is increased 10 per cent, the 
leaking fixture waste as determined in this way, amounts to 23.64 

gallons per capita, which checks the 22.33 gallons mentioned above. 
No way has been found to closely estimate the amount of water 

lost through domestic carelessness. It is known that hose is allowed 
to run all summer when families are out of the city, that laundry 
tub fixtures are frequently kept open for long periods, and that 
scarcely a day passes but one member of each family allows water 

to waste needlessly for a few moments, and that in other ways con- 

siderable quantities of water are wasted through carelessness. In 

order to complete this estimate, it will be assumed that each of the 
150,000 connections be allowed to waste for 5 minutes each day at 
the daily rate of 3000 gallons, and this is found to amount to 1.5 
gallons per capita. 
The estimate of daily consumption will now appear as follows: 

3. Leaks in service connections...................0ceeeeeeeee 5.45 

The quantity subtracted from the total domestic consumption 
leaves 25.23 gallons for domestic use. 

Gardner S. Williams, while Civil Engineer to the Board, discussed 
matters relating to the consumption of water in Detroit in the Michi- 
gan Engineers Annual (1895) and in the University of Michigan 
Engineering Society Technic (1897), and concluded that the nec- 

essary quantity of water required daily for domestic use to be 21 
gallons, nearly, per capita. 

Meters. While the use of meters in Detroit is said to date from 
the year 1888, the report of the department for 1878 contains an 
item of $2,700.00 (estimated)for “Metre measured water,” and in 

the report of the Board for 1883 the following appears: 

The Board is fully aware of the wanton and unjustifiable waste of water 
both now and for most of the time the Water Works has been in existence. 
The waste has been much more of late years, for a far better head of water has 

been furnished than formerly, which has enabled the wasting class to do an 

4 

Gallons per 
capita 

9.75 
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increased business. Other cities have the same evil; but no remedy has yet 
been found and may not be until the fertile brain of some man brings out a 
cheap and reliable meter. 

The few meters and indicators installed prior to 1889 had no 
appreciable effect on consumption. By referring to figure 1, it 

will be evident that, disregarding the increased pumpage between 

1883 and 1890, due to waste at the pumping station, there was a 

fairly uniform increase in the consumption of water from 1850 to 

1893 of 34 gallons per capita per year. Because of variations in 

temperature and precipitation from year to year, and for other rea- 
sons, the consumption line has its ups and downs, but its general 
direction is well represented by a sloping straight line and if con- 

tinued would have approximated 247.5 gallons. For a few years 
preceding and following 1890, careful attentidn was given to house 

to house inspection, and the effect of this work combined with that 
of meters and decreased use of water because of an industrial de- 
pression, produced a change in the direction of this line. 
By 1897, 10 per cent of all services were metered, and this ratio 

of metered to unmetered connections continued fairly uniform until 
1912. During this period from 1893 to 1913 the use of water in- 
creased fairly uniformly at the rate of two-thirds gallons per capita per 
year, and this line produced indicates that, had the policy of meter- 
ing 10 per cent of the connections continued, the consumption in 1920 
would have amounted to about 177 gallons per capita. 
About 1914 the work of metering all consumers was begun, and 

in 1919 the water waste survey was undertaken with the result that 
there has been a decided decrease in the consumption of water. The 
line on the chart indicates that from 1916 to 1920 this decrease 
has amounted to about 5 gallons per capita per year. 

Accepting the lines on the chart as reasonable, the consumption 

in 1920 would have been 248 gallons had no meters been set and had 
waste been restricted only by house to house inspection; to 177 
gallons had the policy of metering 10 per cent of services been 
continued; and with all connections metered and with the aid of 

a water waste survey, the consumption may be expected to approxi- 
mate 135 gallons per capita. 

In a direct pressure system the plant must be capable of supplying 
water at the maximum hourly rate; and thus the effect of metering 
on the maximum hourly rate becomes of great importance. The 
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quotient obtained by dividing the maximum hourly pumpage for 
the year by the average hourly pumpage is given as follows for 

GEORGE H. FENKELL 

several years past: 

1.52 

As normal pressures were never maintained during periods of 
high pumpage previous to the time meters were set in sufficient 

numbers to lower the pumpage appreciably, it is apparent that the 

maximum hourly use has been reduced to even a greater extent 

than the average. That is, while from 1910 to 1914 inclusive, the 

maximum hourly rate with low pressures exceeded the average by 
70 per cent, from 1915 to 1920 inclusive, the maximum hourly rate 
with presures nearer normal, exceeded the average by 55 per cent. 
Likewise it can be shown that the increase of the maximum daily 
consumption over the average daily consumption has been reduced 
‘from 44 per cent for the period from 1910 to 1914, to 32 per cent 

from 1915 to 1920. 
Previous to metering to any extent, a strenuous attempt was 

made to limit waste by house to house inspection, and this work was 

continued for some years to an ever lessening degree. As metering 

increased, this inspection work decreased until in 1910 it was neg- 
ligible. The number of employees required to carry on efficient 

semi-annual inspection work is but little less than the number needed 
for quarterly meter reading. 

Consumers have looked on metering with favor and there has been 

no opposition to the movement from any class. 

When the water waste survey was undertaken by the Pitometer 
Company in 1919, that company assumed that this work would 

result in the location and stoppage of at least 20,000,000 gallons 
per day. This company based its estimate on a consumption of 

150,000,000 gallons per day for a population of 1,000,000 and on the 

assumption that the metering of all service connections was auto- 

matically controlling domestic waste. 

The survey up to May 18 has stopped underground leaks from 

all causes amounting to about 7,000,000 gallons per day. These 

Prem 
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leaks have been located in an area containing 80 per cent of the 

population, covering 70 per cent of the consumption, and including 

one-half of all the mains in the city. It seems probable that when 

the survey has been completed 10,000,000 gallons of underground 

leaks per day will be stopped. This discrepancy between the esti- 

mated and actual underground leakage is due te the fact that meters 

have not eliminated metered leakage through fixtures, although such 

leakage has been greatly curtailed. The estimated waste existed, 

but was divided between house waste and underground leaks. 

During the last few months a large number of the oldest small 

meters were removed and tested, and many of the older large meters 

were tested in place. From this an attempt was made to determine 

the error in registration, but as the accuracy of a meter that has 

been in service for some time varies greatly with the flow, it was 

thought unwise to make use of averages secured from these data. 

The meters removed included several different makes. 

There are several factors that influence the use of water in a city 

and make it difficult to compare the consumption of one city with 

another. A chart has been prepared from data published in the 
January, 1921, issue of the American City, to show that the use of 

water decreases as the price increases. The water supply and other 

conditions in these 57 cities, each with a population exceeding 25,000, 
vary to such a degree that no law or rule can be found, yet the free- 

hand line drawn on this chart indicates that a relation exists be- 

tween rates and quantity used (fig. 2). 

Not only do pumping station data show that meters have greatly 

lessened the use of water for lawn sprinkling, but it is evident to the 

observer, and notwithstanding this decreased use, lawns are not 

generally less green than formerly, for greensward and shrubbery 

are often injured by the application of too much water. 

The amount of water used is also dependent on: (1) temperature 

in winter; (2) temperature and precipitation in summer; (3) condi- 

tion of business, that is, whether good times or hard times prevail; 

(4) the class of people supplied. 

Hot, dry summers increase greatly the demand for water for cool- 
ing and sprinkling purposes. During cold winters much water is 
sometimes used to prevent the freezing of service pipes, but when 
made necessary by such pipes being too near the surface of the 

ground, the metering of the connections will force the owners to 

lower these pipes. The water department has been called on to 



GEORGE H. FENKELL 

SAN DiE@o . BEND Jno. 
2 HARTFORD . tf Terre Havre ” 
3 Miami Fla. 12 CEDAR Rapips Ja. 
4 ATLANTA 13 Counci. BLurrs 
5 AUGUSTA 14 Des Moines 
6 BLOOMINGTON . Stovux City 
7 CiceRo 16 TOPEKA 
8 DECATUR (7 
9 EVANSTON 18 New ORLEANS 

19 BROOKLINE 
20 BROCKTON 
21 CHELSEA 
22 Fact River 
23 SPRINGFIELD 
24 JACKSON 
25 LANSING 
26 MINNEAPOLIS 
27 KEARNEY 
23 BinaHampron 

ELMIRA 
30 JAMESTOWN 
3] Mt. YERNON 

KEEPSIE 
33 YONKERS 
34 CHARLOTTE 
35 Cincinnari 130 

(20 

46 DALLAS 
47 Fort WorTH 
46 GALVESTON 

100 

40 

10 30 40 50 
CENTS Per 1000 GALLONS 

Fig. 2. Errect or Cost or WATER ON PER Capita CONSUMPTION 

598 

ro 
a 

= 4 

37 ColumBus ** 

LAKEWoOoO be 

‘OUNGS ’ 
42 Oxcanoma City Outs. 

44 CHARLESTON S. CAR. 

4A Va. 
i 50 SEATTLE 

52 KENOSHA Wis. 
37 54 MILWAUKEE 

view 

j 

| 

ERECT 



THE WASTE OF WATER IN DETROIT 599 

lower a number of mains, and many services have been relaid be- 
cause of the information that has been obtained regarding their 

depth since meters have been used extensively. 
Business conditions affect considerably the amount of metered 

water used for domestic purposes as well as for factories, railways, 

hotels, stores and other commercial consumers, while the consumption 

of such unmetered consumers is much less affected. As the amount 

of water used depends to some extent on the kind or class of people 

composing a city’s population, it may be expected that the per capita 

consumption for the past few years would from this cause be in- 

creased in Detroit, for the percentage of young men liberally reim- 
bursed for their labor has been exceptionally high. 

The rule in Detroit has been for domestic consumers to prepare 

their plumbing for meter, and for the Board to set and maintain 

the meters without charge or rental. While the department regula- 

tions require meters to be set horizontally, experiments were made 

to determine the relative wear of meters when set vertically and 

horizontally by running meters of seven different makes in test to 

destruction. The number tested was small, and the results were 

not conclusive, as the difference was not great. 

The effect of metering and the effect of the waste survey as far 

as it had progressed at the date given is shown graphically on the 
daily consumption chart in figure 1. 

Water waste survey. In May, 1919, the Pitometer Company was 

employed to conduct a water waste survey of the distribution system 

of the city. The city was divided into seven sections, and in May, 

1921, five of these sections had been completed and about 50 per 

cent of the sixth section has been surveyed. 
The general purpose of this survey was to account for the water 

supplied to each section; or to reduce the amount by locating and 

stopping underground leaks in the mains and services. The survey 

also furnished a check on all industrial consumers for the purpose 

of discovering unauthorized use of unmetered water, and included 

a field test of all meters larger than three inches in diameter. Each 
section was divided into as many districts for individual study as 

was made convenient by the location and size of the larger mains 

of the distribution system, and the consumption for a period of 
24 hours was obtained by pitometer measurement. 

To date 120 districts have been measured and permanent gauging 

points established in each district for the future control of waste. 
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The area surveyed includes about 80 per cent of the population, and 

50 per cent of the miles of main in the entire city distribution system, 

consuming 106,000,000 gallons per day, or 132 gallons per day per 

capita. The total minimum night rate in the districts measured 

amounts to 69,000,000 gallons, or a per capita of 86 gallons per day. 

A comparison of the average daily consumption and the minimum 

night rate in each district gave a comprehensive understanding of 

underground leakage. To date underground leaks from all causes, 

amount to approximately 7,000,000 gallons per day, or 9 gallons 

per capita. Since the city is 98 per cent metered, it was assumed 

that the house waste had been reduced toa minimum. However, in 

many instances where the rates of flow were so high as ordinarily to 

indicate underground leakage, no leaks of the mains or services were 

found to exist. The necessity of house to house inspection, there- 

fore, became apparent, and the results of these inspections showed 

that these high rates were caused by leaking plumbing fixtures. 

Meters larger than three inches in diameter, to the number of 

356, have been tested under field conditions, and in many cases 

an under-registration has been found. These have been repaired, 

and in consequence the revenue of the department has been increased. 

So far there have been no cases discovered of the unauthorized use 
of water, and this satisfactory condition found in the older, more 
densely populated portions of the city, may be accounted for in 

part by the metering of many fire lines and the quite careful inspec- 

tion of the remaining fire lines. 

Leaks in mains and hydrants have been found as follows: 

85,000 3 Valves with bad stuffing-box leaks.................... 

Leaks discovered by the survey include the above and 116 

service leaks caused by broken pipes, abandoned 
services, and blown corporation cocks............... ,704, 

331 service leaks estimated at 5000 gallons each.......... 1,655,000 

861,000 

2,533,000 
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Caution. In the estimates contained herein, quantities are fre- 
quently given to one or two decimal places. It is not the intention 

to imply from this that the number of gallons of water consumed for 
various purposes has been determined with great accuracy, for 

many of the quantities have been found by estimate rather than 
by measurement. In fact, there is scarcely an item that may not 
be in error. The reader is also warned against applying the results 
herein obtained to other cities without giving careful attention to 
the varying conditions which will be found to exist in Detroit and 
in the city under consideration. 
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TASTES AND ODORS FROM CHLORINATION! 

By Watter A. Sperry? AND Lioyp C. 

Part I. General discussion 

It is the purpose of this paper not so much to present new material 
as to relate Grand Rapids’ experiences in the matter of chlorine 

feeding and tastes. As we view this whole problem the most prac- 

tical suggestions as to the feeding and control of chlorine have come 
from the writings of Abel Wolman of the Maryland State Depart- 
ment of Health. 

Chlorine has been at once the operators’ great benefactor and sore 
trial, as he has sought to preserve public health and avoid public 
condemnation through its use. All have felt the constant need of 

such methods of control as would assure a safe water without the 

constant danger of tastes. 

The Wolman chlorine absorption method of test, along with his 
residual chlorine test appears to meet this dual problem. At Grand 
Rapids, we have followed, for the most part, a plan of “invariable 
dosage.” We have always felt its inadequacy. Tastes have devel- 

oped when none were looked for and conversely. Disinfection has 
not always been satisfyingly complete. Limiting quantities pro- 

ducing tastes have been variable and puzzling. 

For the past two years daily studies as to the chlorine absorption 
values of our raw, settled and tap water along with their oxygen 

consumed values have been made in the hopes of finding a more 
logical control than that of which we were making use. They have 
led us to believe more and more in the final fitness of the methods 

cited to this end. 
Provisions made in original design for the proper reception of 

chlorine may prove a legitimate cause for taste. The problems of 
design are complex and one thing is and often must be sacrificed 

Discussion is invited 1 Read at the Cleveland Convention, June 8, 1921. 

and should be sent to the Editor. 
2 Chief Chemist, Filtration Plant, Grand Rapids, Michigan. 

* First Assistant Chemist, Filtration Plant, Grand Rapids, Michigan. 
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for another. To the older plants chlorine has come as an after- 

thought. In most of the new the operator is left to apply his chlo- 

rine as best he can. Whereas it may seem the most favored practice 

to add this reagent to the clear-well following filtration there may 
be no means, as a collector main, for accomplishing this and the 

conduits leaving the clear well may be so immediately connected 

to the city mains as to leave too short a time interval for its proper 

absorption and effects. There may further be no means of knowing 

the rate of flow at such a point as will provide the necessary control, 

so that the chlorine must be applied at a constant disadvantage. 
This point of variation in design brings a secondary problem to 

the State Board of Health official who, in seeking uniform standards 

of quality in all the plants under his supervision, desires or demands 
a uniform point of application for chlorine. Either his rule must 

be set aside from plant to plant or one plant can comply with more 

efficiency with regards to disinfection effected and number of times 

for taste development than another. The favorableness of the place 

provided for the reception of chlorine undoubtedly has something 

to do with the quantity required and this again is a factor in the 
frequency of taste appearance. 

In the Grand Rapids plant water from the river passes a venturi 
meter; is received in a stilling or distribution chamber; passes to 

one of two mixing chambers and thence to settling basins. 

Water from the settling basins passes into a collecting passage 

and enters the individual filters through a 48” distributor main. 

Five of the existing filters individually discharge directly into a 

0.35 million gallon clear-well. The other five similarly discharge 

into a 2.44 million gallon well. The water from the clear-wells 

discharges at points opposite each other and into a 48” conduit, 

2800 feet long, that conveys the water to the high service pumping 

station. 

This arrangement admits of but one possible point for applying 

our chlorine with safety as regards its control. It must be applied 

in the upper passage leading from the settling basins to the filters 

and at a point as far removed from the filters as that it will meet 

the discharge from both basins, so as to insure its complete contact 

with the whole volume of water before entering the filters. 

This is our only means of getting our chlorine into the water in 

the clear-well. It has an advantage which we accept and think 
well of—that of keeping the filters sterile—possibly preventing to a 
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certain extent bacterial growths therein. Its control is based upon 
the indications of the venturi meter. It has the possible disadvan- 

tage of requiring a larger dosage than might be required could we 
apply it to the clear-wells direct. In this larger dosage lies more 

possibilities of taste than with smaller doses, as will be pointed out 

later. Such periods of taste as we experience now seem possible of 
elimination through the rational methods of laboratory control cited. 
We have no collecting main between our filters and the clear-well 

that offers this possibly most favorite point for applying chlorine. 

We are entirely unable to make use of the conduit leading to the 

high service station, by reason of the entire absence of any metering 

device whatsoever by which the flow therein may be known. The 
flow therein is widely variable and entirely unrelated to the input 

to the filter plant from the river. 

Under Grand Rapids plant conditions, therefore, we are limited 

to one possible point of application and would be entirely unable 

to meet with safety any State Board request for chlorine application 
other than before filtration. 

This plant further seems to have experienced less occasion of 

taste from the use of hypochlorite than when using liquid chlorine. 

It was originally designed to use hypochlorite. At that time chlo- 
rine feeding devices had not reached a state of perfection that made 
their use seem advisable and our original design has proved so satis- 

factory and our proximity to sources of production of hypochlorite 

are such that we have preferred to use it ever since. 

However through the greater part of 1918 and 1919 liquid chlo- 

rine has been used entirely or in conjunction with hypochlorite. 

During this period we have experienced more frequent occasions of 

taste than ever before or since. It should be stated that during 

this time radical changes in our methods of using lime demanded a 
marked increase in the amount of chlorine applied and for a time 

we attributed our frequently occurring tastes to this fact. Since 

then however after the discontinuance of the liquid chlorine the 

larger dosage of chlorine required in the hypochlorite form has again 

given much less frequently occurring tastes. We were constantly 

in trouble in 1919 particularly during the summer and quite free 
from trouble in 1920. 7 

The final reason for this has only lately occurred to us and is 
rather different than what might be expected. When applying 

liquid chlorine a 100 per cent solution is made use of. Where the 
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dosage required is large, especially in view of the fact that there is 
a very small range between the amount required for proper dis- 

infection and that necessary to produce taste, any small fluctuation 

of the dosage with so concentrated a reagent throws one into the 
taste zone. With hypochlorite this danger is lessened or one has 

a greater factor of safety due to the fact that the solutions are much 
more dilute and over-dosing, accidentally or otherwise, can take place 
with much less danger of tastes. At Grand Rapids we carry a 0.5 

per cent solution of hypochlorite or a 0.16 per cent solution of 
available chlorine. 

As far as our experience goes we believe that in all cases tastes 

and odors are due to larger applications of chlorine than necessary 
to produce satisfactory disinfection. If the dosage in each case 

were correctly adjusted to the water, tastes would not occur. This 
statement applies to our own experiences and we believe it to be gener- - 
ally applicable to filtration plant practice. 
An incident occurred in June, 1913, that lends interesting color 

to this discussion. Such a pronounced chlorine taste developed in 

the delivered water in certain portions of the city one evening that 
a prolonged and vigorous protest resulted. For three days it per- 
sisted as it invaded territory further out on the distribution system 
until it finally disappeared. In the meantime absolutely nothing 
could be found that explained how it had occurred. The records 
were regular and clear both as to tank strengths and the rate of 
application. No taste during any of this period showed up at the 
plant. The water in our clear-wells was sweet and good as it was 
also in the low service reservoir nearby. We were entirely without 
the key to the situation until it was recalled that the morning of 
the day the tastes occurred a “cleanup” of the lime storage tower. 
had been ordered. On the floor above the bins our hypochlorite 

casks were stored. Several inches of quick lime dust which had 
been accumulating here for some time were swept up and dumped 
into the raw water to save it. This quick lime proved a veritable 
hypochiorite factory. The conditions were similar to those of 

. actual hypochlorite manufacture. The quick lime had absorbed 
chlorine distilling off the casks of hypochlorite stored there and so 
converted it to fresh hypochlorite that its addition to the water 
constituted a large ‘“‘spot’’ over-dose in the raw water that passed 
through the plant and entered the system before it was detected. 
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This was our first serious mishap in the early days of the plant. 
It scared the city most to death. We turned it to good account by 
admitting the situation and giving the papers a clean straight story. 
The admission and confession did more generally to establish con- 
fidence than anything that could have happened. We profited by 
it through three or four years and even today it has not been entirely 
forgotten. 

Part 2. Experimental data 

Laboratory tests covering a period of sixteen months show some 

interesting comparisons. Figure 1 shows the comparative chlorine 

1.00 100 
/ Chlorine Absoebed - River! Water 

% “Settled - 

“Filtered 

080 \ Turbidity / z 

N\ “Settled - — 

; “Set—!ed - 2 
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Fig. 1. CompARISON OF CHLORINE ABSORPTIONS WITH OTHER CHARACTER- 
ISTICS OF GRAND Rapips WATERS 

absorption values obtained by daily tests on river, settled and fil- 
tered waters. Turbidity and oxygen consumed values of river and 
settled waters are also given. These are monthly averages extend- 
ing over a period from January 1, 1920 and through April 1921. 

The river water chlorine absorption figure remains quite high 
throughout the year, being lowest through the summer, fall and 

early winter months. The range of absorption is from 0.98 p.p.m., 
a flood time period, to 0.53 p.p.m., when the river water has its 

minimum turbidity. 
The settled water curve appears to follow the general trend of 

that of the river. It lies somewhat below, but parallels, the vari- 
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ations to which the river water is subject, because chemical treat- 
ment has not produced the proper coagulation to make it a low, 

straight line curve. When a full continuous lime treatment is fol- 

lowed, coagulation of the settled water is better and the chlorine 

absorption curve approaches a low approximate straight line. But 

at Grand Rapids the intermittent lime treatment plan is followed 
which results in chlorine absorption values in the settled water as 

indicated by the curve. A special study of a series of chlorine 

absorption experiments in which hourly tests were made on the 

settled water during plant operation, shows slight varying chlorine 

absorption values. The variation consists of consecutive high and 
low values, i.e., high one hour and low the next, etc. This difference 

from hour to hour does not appear to be more than 0.1 or 0.2 p.p.m. 

and probably could be disregarded when calculating a chlorine dose. 

Since in plant operation at Grand Rapids the chlorine is fed into 

the settled water immediately before filtration, the chlorine absorp- 

tion test on such water becomes of considerable importance as a 

control medium for the chlorine feed. Although the plan of using 

the chlorine absorption method has not been adopted as a regular 

procedure it bids fair to be made use of to a considerable advantage 

in the near future. Briefly, the plan to follow, would be to obtain 

the chlorine absorption figure by the 5-minute test on the settled 

water and then calculate the proper dose of chlorine to be fed, such 

dose to include sufficient chlorine for absorption and enough addi- 

tional to leave some residual chlorine at one of the filter effluents. 
This residual chlorine should be sufficient to disinfect and yet leave 
no taste in the treated water. 
Wolman and Enslow,‘ put forth the hypothesis ‘‘that a proper 

dosage for the effective disinfection of a water was an amount equal 

to that absorbed by the water tested after contact of 5 minutes plus 
a factor of safety of 0.2 p.p.m. (as a tentative value).”’ In Engineer- 

ing News-Record,’ page 639, Wolman reports the working out of this 
hypothesis on a practical scale at Luke, Md. He shows that, from 
observations covering a period of 2 years at this place, the factor of 
safety of 0.2 p.p.m. is practicable. He suggests further that local 
conditions may govern the selection of a factor of safety along with 
the varying period of test, but that the fundamental principle of 

chlorination control should remain the same. 

4 Wolman and Enslow, Jour. Ind. and Eng. Chem., vol. 11, no. 3, March, 1919. 
’Wolman, Engineering News-Record, vol. 86, no. 14, April 14, 1921. 
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We at Grand Rapids are of the opinion that it will be necessary 

to select some other factor of safety than 0.2 p.p.m. and test more 

than 5 minutes from the point of application. This is because of 

the physical impossibility of selecting a point which is 5 minutes of 

water travel from the point of application of chlorine. Yet from 

what observations have been made, we are confident that the prin- 

ciple can be applied advantageously and the control can be manipu- 

lated at one of the filter effluents. One daily chlorine absorption test 
on settled water would be sufficient to control chlorine feed. 

Approximately one third of the time indicated by the curves the 

filtered water tested zero chlorine absorption or else indicated some 
residual chlorine. Unfortunately these residual chlorine values were 
not recorded, so in the following data, whenever the filtered water 

showed no chlorine absorption it was so recorded with no respect 
to residual chlorine which may or may not have been present. 

The number of days in which zero chlorine absorption value was 

recorded is indicated for the following months, 1920, January—2 

times, February—1, March—1, June—1, July—6, August—12, 

September—10, October—19, November—16, December—10, 1921, 

January—7, February—16, March—22 and April—6. 

One very significant fact is that all taste troubles experienced, 

occurred during the months of August, September, October and 
November. It is interesting to note also that the bacterial quality 

of the water delivered to the mains during those months in which 

there was zero chlorine absorption in the filtered water a large per 

cent of the time, and when taste troubles occurred, was much superior 

to that delivered during the other months of the year. 
In all probability had the chlorine absorption method of control 

been applied at the time of these taste troubles the difficulty might 

have been obviated. 

The flood time demand of the settled water is quite often far in 
excess of the chlorine feed. The result is an inferior filtered water 

bacterially. This would call for an increase in the chlorine feed 

but not enough to entirely satisfy demands of the settled water. We 

were reluctant to raise the chlorine up to the high figure on account 
of fear of taste. On the other hand during the months of August, 
September and October with an invariable dosage we naturally 

ran into taste trouble, because the chlorine demands of the settled 

water became much less. This has resulted in a chlorine treatment 

which has been unwieldy, slow of manipulation to meet changed 
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conditions and many times unsatisfactory as a disinfectant and 

occasionally an annoyance because of taste difficulties. 

The above curves, coupled with the following discussion, clearly 

indicate that the chlorine absorption method of chlorine feed con- 

trol may be applied very advantageously, thereby producing a better 

water bacterially and allowing feedom from tastes all the year. 

The turbidities of river and settled water appear to be followed 

in a general way by the chlorine absorption values. The relation- 

Experiments to determine chlorine figures and taste limits of various waters 

Method. 2000 cc. volumes of water used. Chlorine added by means of a 

dilute solution of caleium hypochlorite. Chlorine allowed to act 5 minutes. 
Residual chlorine determined and taste observations made. 

WATER zai DOSE ae CHLORINE ODOR TASTE 
ITY ABSORBED Rates BY TEST 

p.p.m. p.p.m. 

1.10 0.10 0.05 | None None 

1.20 0.20 0.10 | None None 

1.30 0.30 0.10 | None None 

PRIVOR.. 62045 22 1.00 1.50 0.50 0.40 | None None 

1.70 0.70 0.20 | None None 

1.90 0.90 0.20 | None None 

2.10 1.10 None Faint 

1.05 0.50 0.50 | None None 

1.30 0.75 0.75 | None None 

Settled...... 20 0.55 1.55 1.00 1.00 | None None 
2.05 1.50 | Beyond | None None 
2.55 2.00 stand | None Faint 

0.55 0.20 0.20 | None None 

0.75 0.40 0.40 | None None 

0.95 0.60 0.60 | None None 

Filtered..... 0.35 1.15 0.80 0.80 | None None 

1.25 0.90 0.90 | None None 

1.45 1.10 | Beyond | None None 
1.55 1.20 stand | None Faint 

0.50 0.50 0.50 | None None 

Ket 0.75 0.75 0.80 | None None 

100 | 1.00 | 1.00 |Faint | Faint 
1.50 1.50 | Beyond | Decided | Decided 

stand 
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TASTES AND ODORS FROM CHLORINATION 611 

ship is so remote that the study of the curves brings out little of 

importance. Oxygen consumed values conform to the same general 

trend of turbidities and chlorine absorption values. The important 

fact is that all these different factors show a greater or less correla- 

tion which substantiates our view of the chlorine absorption method 

in practical use. 

Bottle experiments such as above are not entirely satisfactory as 

the results obtained do not always parallel actual practice, but this 

series of experiments tends to show the comparative behaviour of 

the various types of water under similar conditions. In other words, 

we are not of the opinion that 1.10 p.p.m. chlorine could be left 

in the filtered water, as these experiments indicate, and not have 

taste. These experiments tend to show the extent of chlorine absorp- 

tion and comparative taste limits of the four types of water. 

The river water at the particular time of test had a very high 

chlorine absorption figure. Likewise settled and filtered water also 

had high absorption figures. 

The points of interest brought out by these experiments are 

(1) Turbidity does not show much relation to the chlorine absorption 
value. (2) Large amounts of residual chlorine may be left in the 
filtered water without causing taste. (3) Impracticability of chlo- 
rinating river water. (4) Accuracy with which the chlorine absorp- 

tion test and residual chlorine tests may be manipulated. 
With respect to turbidity in its relation to chlorine absorption 

values, it is noted that the river, settled and filtered waters have 

turbidities of 22, 20, and 0 p.p.m. respectively, whereas their chlo- 

rine absorption figures are 1.00, 0.55 and 0.35:p.p.m. Other data 

gathered from plant operating results show that there is no direct 

relationship between the two. It is true, however, that if river 

water turbidity increases the chlorine absorption value tends to 
increase, but the converse is not necessarily true. The same con- 

clusion is true of the settled water. 
It may be noted that, according to experiment, the filtered water 

may have 1.20 p.p.m. residual chlorine before taste develops. In 

all probability this would not be true under plant operating con- 

ditions, although the chlorine absorption value would be quite high, 

probably as high as 0.75 p.p.m. In the case with the distilled water 

1.00 p.p.m. may be present when faint taste develops. With the 

river and settled waters the taste limits are somewhat higher due 

to the presence of large amounts of organic matter and consequent 

irregular absorption of the chlorine. 
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It is evident, from results with river water, that it would be 
impracticable to chlorinate such a water, as it would use excessive 
quantities for absorption and as the residual test is so very indefinite 
it is questionable whether disinfection would be efficient under such 
conditions. 

It is rather satisfying to note in the experiment with settled, 

filtered and distilled waters how accurately we are able to add 
chlorine and test back the exact excess in the residual test. This 
fact gives the worker confidence that such chlorine tests are reliable 

and can be utilized in a practical way. 

100 

Chlorine River Water | 
Settled —_ —— 

Absorbed -PPM 
=—. 

Chlorine | \ \ J \ 
020 t 

0.00 \ v y 

1 5 10 15 20 25 30 

September 1921 

Fig. 2. Darty VARIATIONS IN CHLORINE ABSORBED BY WATERS AT DIFFERENT 
StTaGEs oF TREATMENT 

The method of making the chlorine absorption test is similar 
to that outlined by Wolman and Enslow,‘ with a slight modification. 
To 200 cc. of the water sample (at 20°C.) to be treated, add a suffi- 

cient volume of chlorine solution to give a resulting dose of 1 p.p.m. 

Shake vigorously after stoppering and allow to stand 5 minutes. 

Immediately shake again for second and transfer 100 cc. to a beaker 
containing 1 cc. of ortho-tolidin reagent. Place the beaker con- 

taining the sample and color reagent in a warm place for 12 minutes. 
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TASTES AND ODORS FROM CHLORINATION 613 

Dilute 10 cc. to 100 cc. volume and compare with permanent 
standards. 

To test for residual chlorine take 100 cc. volume of water under 
test and add to it 1 cc. ortho-tolidin. Let stand in warm place for 
12 minutes, then dilute 10 cc. to 100 cc. volume and compare with 

permanent standards. 

1.00 

Basins| in Service 

\ One Basin |in Service 
0.60 I 

0.40 \ { 

\ \ 0.20 

SAM 10AM 11AM 12N !PM 2PM 3PM 4PM 

Fig. 3. Errect of RETENTION PERIOD OF WATER ON ITS CHLORINE 

ABSORPTION 

Further notes. In figure 2 chlorine absorption values of the river, 
settled and filtered waters are plotted for a period of one month. 
The month of September, 1920, was chosen as a representative 
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month of the year, in that the river water characteristics and plant 

operating conditions were normal. These curves point out the 

maximum and minimum values and show how variable such chlorine 

absorption values are under actual conditions from day to day. 

Figure 3 shows the effect of different basin retention periods on 

the chlorine absorption of settled water. The two-basin curve 

represents a normal plant operating condition for a period of 7 hours. 

Conditions represent an intermittent lime treatment, basins in 

parallel and approximately a 4-hour basin retention period. 

The one basin curve shows what happens to chlorine absorption 

of settled water when the largest basin is used alone. Conditions 

in this case represent intermittent lime treatment with the basin 

retention period greatly reduced. 

With two basins in service, a chlorine feed could be satisfactorily 

applied. With one basin in service, it is evident that great difficulty 

is experienced in properly disinfecting and at the same time in 

keeping water free from chlorine taste. 

Control of the chlorine feeds was changed on May 24, from the 

“invariable dosage” plan to the plan of control as suggested in this 

paper. This change increased our feeds from a 0.65 p.p.m. appli- 

cation of available chlorine to 1.0 p.p.m., which was consistent with 

the chlorine absorption of the water at that time. In making this 

change bacterial results have not been what was anticipated due to 

temporary conditions prevailing as shown in a part of figure 3. 

With the change back to normal condition of the settling basins 

we have every reason to expect a more perfect disinfection to result. 

To date this changed feed has given no trouble due to tastes. 

Summary 

1. Where plant design is not well adapted for chlorinating, tastes 
are likely to be a result of improper feeding. 

2. Grand Rapids experience shows that comparatively large doses 

of chlorine are necessary to disinfect, because of the presence of 
large amounts of organic matter capable of absorbing chlorine. 

3. Where the plan of invariable dosage is followed there is great 

danger of running into taste difficulties. Chlorine absorption 

studies show the range between the necessary amount of chlorine 
for disinfection and the amount to give taste to be small. 
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4. Some method of controlling chlorine feed is shown to be neces- 

sary. Without such a method, the results at Grand Rapids show 

the danger of running into taste difficulties and inefficient disinfection. 

5. The chlorine absorption method, as outlined by Wolman and 

Enslow,‘ is consistent and accurate. 

6. Sixteen months experience with this testing method shows its 

practicability. It is the only quick method by which the chlorine 

demand of a water may be determined with accuracy. As far as 

this experience goes, chlorine demand as indicated by this method 

can be satisfied. Enough more may be added as excess to disinfect 

and yet keep away from taste. 

7. While such characteristics as turbidity and oxygen consumed 

show only a general relationship, they all point to a consistency 

existing between them and the chlorine absorption values. This 

consistency argues well for confidence in the point of view taken 

by writers. 

8. We believe the whole problem of tastes as applied to filtration 

plant practice is related to improperly proportioned dosages. 



LAYING AND REPAIRING A SIX-INCH WROUGHT IRON 
SUBMARINE PIPE LINE AT PORTLAND, MAINE! 

By James W. GraHam? 

Peaks Island is located in-Casco Bay about two miles from the 
city of Portland. The water supply for the Island has for some 
years been obtained from driven wells, but during the summer of 
1919 the wells did not furnish sufficient water to keep the higher 
parts of the Island supplied. The population of the Island in the 
winter is about 1000, but in the summer season it reached 7000 and 

on holidays is perhaps 10,000. The wells supply ample water for the 
winter population, but the need of more water during the vacation 
season was apparent. 

The city of Portland has an abundant supply of excellent water, 
but the cost of carrying it to the Island by the ordinary method of 
flexible joint cast iron pipe was prohibitive. It was therefore de- 

cided to lay a six-inch galvanized wrought iron pipe of standard 
weight, using recessed couplings. At sharp changes in the grade, 
Moran flexible cast iron joints were installed. The bottom of the 
harbor on the route selected was soft blue clay and silt for a con- 
siderable part of the way and except where the tide had carried 
away the silt, the pipe would sink about a foot and a half into the 
mud. In some places where the clay was fairly hard the pipe lay 
on the mud, exposed to the sea water. 

It is well known that fresh water freezes at 32°, and salt water at 
27°, and each winter the water in Portland harbor reaches 28°. It 
is therefore a question yet to be decided whether this line can be 
maintained in operation throughout the year. It is feared that 

enough of the line may be exposed to the flow of sea water to reduce 
the water inside the pipe to 32°. There was no ledge on the selected 
route except on the land sections and no logs or other obstructions, 

so that the pipe was well supported along its entire length. 

1Presented at the Cleveland Convention, June 9,1921. Discussion isinvited 

and should be sent to the Editor. 

216 Casco Street, Portland, Me. 
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LAYING A SUBMARINE PIPE LINE 617 

The line adopted left the east end of the city on an easy grade, 

so that 1800 feet from shore there was only ten feet of water at low 

tide. The next 1600 feet was a ship channel having 30 feet of water 

at low tide with gently sloping side banks. Beyond this channel 

the pipe reaches a part of the bay where for 5200 feet the depth of 

water varies between 10 and 17 feet at low tide. Next comes : 

channel 30 feet deep and 800 feet wide and then the flats leading to 

Little Diamond Island. The line then crosses this Island for 1500 

feet and rises to a height of 40 feet. Between this Island and Peaks 

Fig. 1. PLAN AND PROFILE OF SUBMARINE PIPE LINE 

Island is 2500 feet of water, with a depth of 25 feet and gently sloping 

banks. The rise and fall of the tide in Portland harbor is 93 feet so 

that a part of the line was laid in 40 feet of water. The total length 

of submarine pipe is 12,025 feet or about 2} miles. 

For the purpose of laying the pipe a flat bottom scow was engaged. 

The boat was 26 feet wide and 56 feet long and draws about 3 feet 

of water when carrying no load. The sides stood 3 feet out of water 

and it was decked over. It carried a mast with derrick boom and a 

steam hoisting engine forward and had a cabin in the stern. The 

stanchions at each corner were very useful for fastening anchor lines. 

: 
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618 JAMES W. GRAHAM 

A small tug was used for transporting the crew and moving the 

anchors used for holding the scow in position. The crew consisted 

of an engineer and deck hand on the scow, one man on the tug, three 

seamen, five pipemen and a foreman. 

It was desired to begin the construction of the line as early in the 

spring as possible, but the prevailing wind storms during April held 

back the beginning of construction until about May 1, 1920. In 

beginning the work as much pipe was put on the deck of the scow as 

was possible without interfering with the working deck space and 

Fic. 2. THe DeEckK OF THE Scow 

still more was stored in the hold. The scow was then towed around 

to the point of beginning on the shore of the city. Four 600 pound 

anchors were provided, two having 1200 feet of 33 inch manila rope 

each and two having 600 feet each of the same rope. Each anchor 

had a 75 foot drag line with a wooden float attached to one fluke. 

The tow boat carried an anchor several hundred feet off from each 

corner of the scow and dropped it to the bottom. The scow was 

held in position by these four anchors, one leading from each corner, 

and was pulled in the desired direction by passing the proper 
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LAYING A SUBMARINE PIPE LINE 619 

j anchor lines to the steam winch. When it was desired to move the 

anchors the tow boat would pick up the float attached to the fluke of 

the anchor and by pulling the line up short had no trouble in 

dragging the anchor to the desired position. 

At high tide ten 20 foot lengths of pipe were dropped overboard 

near the high water mark and at the following low tide the pipe was 

screwed together and left lying in position on the mud with one end 

at half tide. The following high tide the scow was pulled near the 

low water end of the pipe and the end of the pipe was raised to the 

Fic. 3. Layinc THE PIPE 

; deck of the scow. The scow lay at right angles to the line of the 

pipe so that the work was done near her center. When she was 

pulled ahead she went sideways. The next piece of pipe was then 

screwed into the line with a 6 foot chain tongs. It was screwed up 

to refusal with five men on the tongs and the pipe threads out of 

sight within the recessed coupling. Each end of the coupling was 

then painted with red lead and oil. The secow was then pulled 

ahead 20 feet and another piece of pipe inserted in the line. When 
the depth of water became greater than 15 feet a rope was passed 

| 

= 

2 

i 4 



620 JAMES W. GRAHAM 

under the pipe and over a plank lying across two dories. On this 

plank was a cleat to allow the pipe to be easily lowered. When 

the depth of water exceeded 25 feet, two sets of dories were used. 

The distance between these supports was about 150 feet. The 

pipe was left suspended to the scow and dories at night when the 

wind did not blow hard enough to rock the scow to any extent, but 

in rough weather the pipe was lowered to the bottom and picked up 

the following morning. We were not forced to lower the pipe and 

pick it up again in the deeper parts of the line. 

Fic. 4. THe SLEEVE IN PLACE 

When the scow finally approached the Island shore the pipe was 

laid in the regular wayat high tide to a point well above low water. 

At low tide, men working on the flats connected up additional pipe. 

When the pipe end was lowered into the water it was carefully 

plugged in order that no water might get inside. The work was 

carried on the same way between Little Diamond and Peaks Island. 

The distance was 2500 feet and the water was comparatively shallow. 

The wrought iron pipe was carried up to a point near half tide where 
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LAYING A SUBMARINE PIPE LINE 621 

it was connected to cast iron pipe by a cast iron sleeve. That part 

of the line crossing Little Diamond Island and on Peaks Island and 

Portland necessary to connect with existing mains was laid with 

cast iron pipe. The line crossing Little Diamond Island, about 

1500 feet in length, was laid on the surface of the ground and the 

joints were made of Lead-Hydro-Tite. It took two days for our 

men to learn to handle this compound, and then the work proceeded 

smoothly. It became evident that a gasoline burning furnace built 

Fig. 5. Last View or SLEEVE 

especially for melting this material was essential and would pay for 

itself in a short time. 

After the entire line was installed and had been working a few 

days a 2-inch Empire meter was installed at the Portland end on a 

bypass and the gate at the far end was closed over night. All 

water entering the line passed through the meter. The reading of 

the meter the following morning showed that the line was perfectly 

tight, the meter not having moved. 

In October it was decided to bury the land portions of this line 
below frost. This involved lowering the 1500 feet across Little 
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Diamond Island a part of which was ledge. This was accomplished 

by making the trench along side the pipe line, and the blasting was 

done without disturbing the line. The pipe was then lowered into 

the ditch a little at a time without shutting off the water for more 

than an hour or so. The Lead-Hydro-Tite joints stood this moving 

successfully. A few of them leaked a little when first lowered, but 

the ditch was left open a few days and the leakage stopped. On 

the shore of Peaks Island a 6-inch Empire Compound Meter, a 

6-inch Ross Pressure Regulator, and a 6-inch check valve were 

installed with proper by-passes. On Peaks Island is a standpipe 

with the overflow at an elevation of 135 feet above the tide water. 

On the Portland end the supply for the line was equal to a head of 

250 feet above tide. 

The Ross Regulator was set to close when the water in the stand- 

pipe was 3 feet below the top and during the night the submarine 

part of the line was subject to a pressure of 280 feet. When the 

water was first turned into the Peaks Island System, it happened 

that the wells had been pumped nearly dry, the standpipe was empty 

and only the low parts of the system were getting water. The 

head on the Island end was equal to about 30 feet when we turned 

the supply from the city into the Island System. The meter showed 

a flow for the first few minutes at the rate of 600,000 gallons per 

24 hours. The total length of this 6-inch line was 14,050 feet. The 

loss of head in the line when first turned on was 220 feet. This 

gives a value of ‘‘C”’ in the Williams and Hazen tables of 125. 

The 12,025 feet of wrought iron pipe was laid in 22 working days, 

an average of 546 feet per day. The best day’s work was 1160 feet 

in 10 hours. The poorest day’s work was 150 feet. The total 

cost of the entire 14,050 feet of main was $38,400. This included 

burying the cast iron pipe below frost, legal and engineering ex- 

penses and all overhead charges. The direct cost of the submarine 

part of the line was $26,125 for 12,025 feet or $2.17 per linear foot. 

The cost of the pipe delivered in Portland was $1.56 per foot, 

leaving 61 cents per foot for the cost of the fittings and laying the 

pipe. 

On Tuesday, November 2, 1920, there was a heavy storm with a 

high wind at Portland. A large steel steamer lying at anchor 

nearly a mile from the pipe line dragged her anchor about 
2 o’clock in the morning until the anchor caught in the pipe line 

in the pottom of the channel in 30 feet of water. Where the anchor 
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LAYING A SUBMARINE PIPE LINE 623 

hit the pipe it bent the pipe to a 90° angle, broke a piece out of the 

top of the pipe at the bend and pulled the ends apart at the break 

until there was an opening of 100 feet between them. The point 

of the break was nearly 3000 feet from the Portland shore and this 

section of pipe was pulled off shore 9 feet leaving an open space 

of this length where the galvanized and east iron pipe joined. 

We filled this 9-foot space with a piece of cast iron pipe, and then 

attached an air compressor to the Portland end of the line. This 

Fic. 6, Six-INcn BENT By ANCHOR 

machine was of a capacity to furnish 23 cubic feet of free air per 

minute. It required about 2 hours for the air to drive the water 

out of the open end of the pipe at the break. Then the air appeared 

at the surface, causing the water to appear to boil over an area 

10 feet in diameter. 

A diver was sent down to attach a line to the end of the pipe from 

which the air came, and find the other end. He found the pipe 

buried about 23 feet in the soft mud, but was able to dig out a hole 

and get a line tied to the pipe. He could not find the other end of 
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the break and it was necessary to carry the air compressor to Little 

Diamond Island and connect it to that end of the line. This was 

effective and showed the two ends to be 100 feet apart. A line was 

then attached to this end of the pipe and an attempt was made to 

raise both ends to the surface and connect them together with three 

Moran joints in the line and then lower them to the bottom. They 

could be raised to the surface, but when lowered again invariably 

broke off 3 or 4 lengths back from the end. 

Fic. 7. A Moran JOINT 

Thus at every attempt the opening between the two ends became 

greater. We attached lines to the pipe 100 feet apart and tried 

working them up together but with no better success. We deter- 

mined that the suction of the mud on the pipe was very great and 

held the pipe with such force that it would break off or pull out at 

the first coupling out of the mud. Furthermore, the wind blew 

almost continuously at a rate that tossed the scows around and 

added to the strain on the pipe. The weather would not allow 

two successive days work and the expense of the crew and boats 

was about $250 daily. After working from November 3 to Decem- 
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LAYING A SUBMARINE PIPE LINE 625 

ber 10, and spending $5700, it was decided to wait until the winter 

weather was past before making any further attempts to repair the 

line. 

It was shown by examination of the pipe that broke off in attempt- 

ing to raise it that the pipe would bend a little before the joint 
would fail and it seemed that if the joint was a little stronger it would 

be possible to raise and lower the pipe as often as desired. 

We accordingly designed and tested a method of strengthening 

the joints. <A piece of 8-inch galvanized wrought iron pipe was cut 

off to a length of 13 inches. This was placed over the coupling 

between two pieces of 6-inch wrought iron pipe and held in place 

by small wooden wedges. The space between the 6-inch pipe and 

coupling and the 8-inch sleeve was then filled with Leadite. The 

Leadite cooled in 2 or 3 minutes so that the collars and clay could be 

removed. We then suspended the section of pipe at its two ends 

and piled pigs of lead on a platform suspended at the center by a 

rope on each side of the joint. It required 3800 pounds of lead to 

exceed the elastic limit of the pipe metal and put a permanent bend 

in the pipe. 

A joint using Metallium for filling was tried and tested by putting 

one end of the pipe under a building and raising the other end. In 

both cases the pipe bent but the sleeve held the coupling without any 

sign of movement nor was there any sign of crushing either the 

Leadite or Metallium. 

On April 12 of this year the wind moderated and we again took up 

the work where it was left in December. The work was com- 

pleted in two weeks at a cost of $3600, in the following manner. We 

used two flat bottomed scows, 20 by 40 feet, each equipped with 

gasoline winches, a tug boat and a crew of ten men. The air com- 

pressor was attached to the Portland end of the pipe to force the 

water out and keep it out in order that it might be lighter to raise. 

We used no diver but dragged an anchor along the bottom until it 

‘aught the pipe. The pipe was raised a few feet from the bottom with 

the anchor. A line was swept under it and a slip knot tied and 

carried to the hoist. The pipe was raised about ten feet more and 

another line swept under the pipe as far as possible toward where it 
emerged from the mud. 

The second scow then lifted a few feet on this line to loosen the 

suction of the mud, and another line swept still further back. This 

operation was repeated until the end of the pipe was up on the scow. 
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626 JAMES W. GRAHAM 

The laying of pipe was immediately begun, each coupling being 

covered with an 8-inch sleeve and the space filled with Leadite. The 

tide was low and little wind blowing, and beginning at the middle of 

the deep channel and moving toward Little Diamond Island, we 

laid 200 feet of pipe and lowered it to the bottom before dark with 

a plug screwed into the end. The following day at low tide the 

end was easily raised from the bottom as all the joints were then 

reinforced. The laying of pipe was continued. 

This work was continued until the pipe was laid up to where the 

water was about 12 feet deep at low tide. The Little Diamond 

Island end of the pipe was then raised and 100 feet of pipe removed 

leaving the two ends five lengths of pipe apart. The two scows 

were then swung around end to end ranging along the line of the 

pipe with the pipe hanging at their sides. The five lengths of 

pipe necessary to complete the line were then placed in position with 

four Moran joints inserted to provide flexibility. The next move 
was the lowering of the pipe and at the same time pulling it to one 

side forming a slight curve in the line. The air compressor showed 

the line to be tight, and the same day we began supplying water to 

Peaks Island. 
The work was carried on under the immediate supervision of 

Harry U. Fuller of the Portland Water District. 
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A SHORT COURSE FOR WATER WORKS OPERATORS! 

By Freperic H. Bass? 

The writer was asked to present to this meeting a plan for a short 

course for water works operators to be givenat the University of Minne- 

sota some time during the year convenient for the men who might 

feel that they would benefit from it. 

Such a course, largely limited to the sanitary considerations, was 

offered in Texas through the joint efforts of the University of Texas 

and the State Board of Health. These courses were conducted 

in various parts of the great state and apparently were quite 

successful. If the Lone-Star State can do this, the North Star 

State can also. 

There are 386 public water supplies serving municipalities in 
Minnesota, distributed as follows: 

Ground water supplies..................0005 348, population 485,807 

Mixed surface and ground................... 2, population 236,247 

The full tabulation received from H. A. Whittaker of the State 

Board of Health is as follows: 

Surface water supplies 
Filtered and disinfected................. 8, population 402,366 

Ground water supplies 

Mixed surface and ground supplies 

1 Read before the Minnesota Section on May 21, 1921. Discussion is 

desired and should be sent to the Editor. 
2 University of Minnesota, Minneapolis, Minnesota. 
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628 FREDERIC H. BASS 

The Texas courses were announced to the operators and to Mayors 

and County Judges through the State Board of Health, and to the 

newspapers by the Texas Water Works Association. The subjects 

listed are: 

Bacteriology, Lectures and laboratory 
Chemistry, Lectures and laboratory 

Water Borne Diseases 

Geology of Underground Water 
Sedimentation and Filtration 
Rapid Sand Filters 
Slow Sand Filters 

Filter Operation 
Protection of Water Supplies 

Legal Responsibilities of Water Companies 
Chlorination of Water 
Boiler Room Economy 
Boiler Explosion 

Economic Management of Water Companies 
Discussion of Local Problems 
Waco Water Works System 

No tuition or laboratory fees were charged, anyone interested 

might attend. 

If such a course were to be given at Minnesota by the University, 

it would have to be under the direction of the Extension Division 

of the University, Dr. R. R. Price, Director. If any expense were 

incurred, a fee would be charged. The expense, however, ought not 

be greater than that required for the circulars of information, which 

might be met easily. Lecturers and demonstrations could of course 

be obtained free of charge. The University would furnish the place 

of meeting. 

The writer would suggest that in case such a course is offered 

here that it be arranged conjointly by the University and the State 

Board of Health. It is also suggested that, in addition to the sani- 

tary features, the elementary theory, illustrated by practical illustra- 

tions, of hydraulics, the theory and characteristics of pumps and 

elements of building construction be given. The subjects of preven- 

tion of waste, water rates, power rates, and possibly other pertinent 

problems might also be treated. These suggestions are made in view 

of the comparatively few purification plants in the State. 

In conclusion, the writer would recommend that the Board of 

Directors formulate a course and take up the proposition with the 
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A SHORT COURSE FOR WATER WORKS OPERATORS 629 

State Board of Health and the Director of the Extension Division 

of the University, with a view to offering such a course during the 
next year. A discussion of this short paper will in all probability 

bring out other desirable features which should be included, such 

as the licensing of operators, and instances showing the need therefor. 
References to this subject, furnished by Mr. Birdsall are as follows: 

Course given by Texas State Board of Health. See Public Health Reports, 
Dec. 17, 1920, p. 3043. 

New Jersey License Law. See Eng. News-Record, Aug. 15, 1918, p. 322 (Gives 
text). 

Mismanagement of filtration plants. See Abuse of Water Purification Plants, 
H. P. Letton, Eng. Rec., Dec. 27, 1913, p. 719. 

Abuses in Water Filtration, G. H. Pratt, Eng. Rec., Jan. 4, 1913, p. 23. 
Filters Balk at Operating Methods of City Fathers. Eng. Rec., Apr. 17, 

1915, p. 500. 
Mechanical Filtration. Eng. Rec., June 8, 1912, p. 617. 

Licensing of Operators of Water and Sewage Treatment Plants (N. J.) re 
F. E. Daniels report. Eng. Rec. Editorial, July 11, 1914, p. 32. 

The University of Texas Leads the way in giving a special Short Course for 
Water Works Operators. Eng. and Contracting, Dec. 10, 1919, p. 661. 

Editorial. 
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SELF-CORROSION OF IRON AND STEEL PIPES! 

By Atrrep DovuGLas FLINN? 

Mr. W. Nelson Smith, Consulting Electrical Engineer, Winnipeg 

Electric Railway Company, reports cases of self-corrosion of iron 

pipes at Selkirk (near Winnipeg) and at Brandon, both in Manitoba, 
at Calgary, Alberta, and at Pierre, South Dakota, in which it is 

claimed that stray electric currents could have had no part, because 

of the remoteness from any source of such currents. Mr. Smith 

states that such corrosion occurs on the barrel of the pipe as well 

as at joints, and is sometimes mistaken for the effects of stray cur- 

rent electrolysis. He also reports that in the wet alkaline clay 
soils of Western Canada, in which self-corrosion occurs, serious 

deterioration of Portland cement concrete also takes place. 

So called ‘“self-corrosion” of iron and steel pipes has long been 
known. It has been observed in situations where stray currents 

from railways were impossible, or where they were not detectable 

by available means. Other deterioration of iron pipes, without the 

action of stray current, has also long been known, including so-called 

“graphitic corrosion.” It is possible that effects may occur in 
alkaline soils like those in acid impregnated earth because of the 
release of the acid radical of the alkali in the presence of the metal. 
From statements made by Mr. Smith, it appears that sellers and 

users of cast iron pipes in the three prairie provinces of Canada, 
where soil of the nature mentioned is found, have assumed that such 
pipes would be very durable as they had been in many localities in 

the eastern United States and in Europe. He reports that in these 
three provinces 

Self-corrosion of cast iron pipes proceeds with fair rapidity, 
That lead pipes and lead sheaths of cables are not as chemically inert as om 

1 An abstract of material issued elsewhere by Mr. W. Nelson Smith. These 
notes were prepared by Mr. Flinn for the readers of this Journal. Discussion 

is invited and should be sent to the Editor. 

? Representative, American Committee in Electrolysis, of American Water 
Works Association, Secretary, United Engineering Society and Engineering 

Foundation, New York. 
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SELF-CORROSION OF IRON AND STEEL PIPES 631 

been supposed in the presence of neutral salts of this character, especially 
where nitrates are also present, or capable of being formed from ammonia 
present in the soil. Under such circumstances, self-corrosion of lead has 
been observed, both in the laboratory and in natural soil, without any access 
of stray current. Copper, in contact with neutral solutions of any of the 

alkaline salts and accompanied by nitrates, will also corrode rapidly when 
no stray current is present, and a copper ground plate connection was com- 
pletely corroded to destruction beneath the concrete basement floor of a 
telephone exchange in St. Boniface, Manitoba, where it could not possibly 

have formed part of the path of a stray railway return current. 
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POLLUTION OF A STREAM BY WASTE FROM A HYDROGEN 
GENERATING PLANT! 

By Epwarp Bartow? anp A. 8. BEeHRMAN® 

With the influx of American troops into Brest the problem of fur- 

nishing sufficient water for the troops arose. Likewise water must 
be obtained for the troopships. As the value of a troopship was 

estimated at $15,000 a day, it was necessary to make every effort 

to provide sufficient water. 

When Brest was chosen as a port of entry for American troops, 

there was only sufficient water supply for the inhabitants of the city 

and for the French naval station located there. The city and the 

naval station were furnished with water from gathering galleries 

located in the neighboring hills. The water flowed by gravity to 
the city and to the naval station, there being several independent 
supplies in use. Elevated tanks were connected with each system. 

The barracks at Pontanesan to which the American troops were 

assigned, were served by water from a spring which was filtered 

through trickling filters of sand. 

To supply the additional supply needed, water from a stream, 

Penfeld River, was the best available. Contracts were made with 

the French navy that this water could be used, provided it were of 

as good bacterial quality as the water in use by the French, and also 

that it should have no taste or odor. A reservoir formerly used as 
a mill pond was enlarged and cleaned out by the American troops. 

Three hundred pounds of calcium hypochlorite was spread over the 

bottom and the water allowed to enter, forming a fairly concentrated 

solution. After this solution was replaced with better water, liquid 

chlorine was added to the effluent at the pumping station. An old 

1Read before the Chemical and Bacteriological Section of the Cleveland 

Convention, June 9, 1921. Discussion is invited and should be sent to the 
Editor. 

*President, American Water Works Association; formerly Lieutenant- 
Colonel, Sanitary Corps, U.S. A. 

Formerly Captain, Sanitary Corps, U.S. A. 
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POLLUTION OF A STREAM BY WASTE 633 

pump and boiler were procured from the French and a temporary 

shed constructed to protect it. Comparative tests made by the 

chemist and bacteriologist at the naval station and by representa- 

tives of the water analysis laboratories, showed that the sterilization 

was satisfactory and the water was allowed to enter the mains. 

An extension was made from the naval station mains to the Port 

de Commerce and the pier from which water could be carried to the 

American ships. It later became necessary to build an additional 

reservoir and to construct an independent line from this reservoir 

to the Pontanesan barracks and to the American pier. Not enough 

1 

water could be passed through the French naval station system to 

supply the boats rapidly. Several batteries of hydrants, two 4- 

inch hydrants and four 2-inch hydrants were in use. From these 

batteries a tank boat of 800 tons of water capacity could be quickly 

filled and the water transferred rapidly to the transports at anchor 

in the harbor. 

Soon after the use of the water began, on June 22, 1918, after the 

first heavy rain following the most prolonged dry season of many 

years, the water in Penfield River developed an intense amber color 

and a disagreeable taste. The bacterial results were also unsatis- 
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634 EDWARD BARTOW AND A. S. BEHRMAN 

factory, and the use of the water had to.be discontinued. The al- 

kalinity increased from 13 to 110; the chloride content which would 

naturally fall as the water rose, showed a very small fluctuation, 

changing from 35 to 39. Both of these tests would indicate special 

contamination accompanying the increase in the quantity of water 

flowing in the river. An inspection of the watershed showed only one 

branch with an unusual color. This had its beginning at a point 

11 kilometers northeast of Brest, where had been recently installed 

a French aviation station where hydrogen for the dirigible balloons 

was being made by the action of ferro-silicon on caustic soda. For 

FIGURE 2 

several months the waste products from this process, highly colored 

and strongly alkaline, had been dumped into the head waters of this 

branch of the Penfeld River. During the long dry season there 

had not been sufficient dilution to carry the wastes to the main 

stream and they had, therefore, accumulated by evaporation and 

sedimentation. The heavy rain washed down large quantities of 

these products, resulting in the general poisoning of fish in the upper 

portion of the stream, and causing the changes in the water at the 

pumping station as indicated. 
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POLLUTION OF A STREAM BY WASTE 635 

Arrangements were made at once with the French authorities to 

prevent refuse from entering Penfeld River by collecting it in con- 

crete basins which had been constructed; one of which was already un- 

der construction in connection with a proposed plan for the partial 

recovery of soda in the refuse. From the concrete basins the refuse 

would be used in soda recovery or else hauled to the sea at a distance 

of about 8 kilometers. In order to prevent trouble from the objection- 

able material already impregnated in the soil and collected in the 

marshy region just below the aviation station, a sluice gate was con- 

FIGURE 3 

structed above the reservoir which could be closed when the intake 

water became objectionable. 

' Since the reservoir held several days’ supply for the pumps this 

would ordinarily tide the plant over until the intake water cleared up. 

A similar sluice gate and a diversion canal were constructed to 

bypass water at the new reservoir. It was also arranged to store 

bad water at a time of heavy rains in an abandoned mill pond about 

2 kilometers below the aviation station. This reservoir would hold 

about two days’ run off after fairly heavy rains. In ease it should 

become necessary to use the colored alkaline water, as it was abso- 

Jutely necessary to supply the allied shipping in the harbor with water, 
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636 EDWARD BARTOW AND A. S. BEHRMAN 

arrangements were made and material secured to treat the water in 

the upper part of the watershed with alum to clarify and decolor- 

ize, and lower down to treat with sulfuric acid to neutralize the 

alkali. Fortunately, the measures indicated above were not found 

necessary. Dry weather again set in and normal conditions were 

reestablished. It was necessary, however, to increase the liquid 

chlorine from 1.2 to 2.5 parts per million. After a total shut down 

of eight days the bacteriological examinations showed that the re- 

quired standard was again reached and the water was again pumped 

into the mains. It is interesting to note that even at times of maxi- 

mum pollution when hydroxides (caustic alkalinity) of the water 

taken from stream about two kilometers from the aviation station 

were equivalent to a 0.1 per cent solution of sodium hydroxide, 

the caustic alkalinity had disappeared entirely by the time the water 

reached the Penfeld reservoir, being converted by reaction with the 

‘arbonate in the water and by contact with the water from the other 

branches and with the carbon dioxide of the air into the bicarbonates. 

The liquid chlorine sterilization, under daily control of the labora- 

tory gave water which was of satisfactory quality, available both 

for the transports and for the camp at Pontanesan, which at times 

held as many as 80,000 men. 
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THE STANDARDIZATION OF WATER METERS—DISK 
TYPE! 

By R. K. Buancuarp? 

Although the advantages of standardization have been acknowl- 

edged for many years in almost every industry and more or less 
perfunctory attempts have been made in various industries toward 

its accomplishment, actual standardization was rare up to the memora- 

ble days when the great world conflict appeared to test the skill 
and valor of millions of people. 
We in America, as well as the peoples of most European nations, 

had accepted for years the many seemingly small departures from 
uniformity in design and construction with but little concern. When 
an almost superhuman demand was made, however, upon every 
manufacturing industry to supply the materials of war in quantity 
and quality previously undreamed of, then and not until then did 
this matter of standardization call forth serious consideration on 
the part of engineers and manufacturers. 

The foreign governments were the first to learn the great advantage 

of a uniform name for a given object, a uniform test for a particular 
device, and a uniform complete specification of acceptance for al- 

most every conceivable manufactured article. National boards of 

standardization with almost unlimited powers were established in 
Belgium, France, Canada, Italy, Sweden, Switzerland, Germany and 

Australia—all of which were similar in form of organization and 
method of operation to the British Engineering Standards As- 
sociation, established in 1901, which has been a dominant factor 

in the development of British industry. 
In America as in Europe the greatest advantages of standardiza- 

tion were learned through our experiences in the World War, with 
the result that to-day we have what is known as the American 

1 Presented before the Cleveland Convention, June 7, 1921. Discussion 

is invited and should be sent to the Editor. 
2 Chief Engineer, Neptune Meter Co., 50 E. 42nd St., New York. Chair- 

man, Standardization Committee of Water Meter Manufacturers. 
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638 R. K. BLANCHARD 

Engineering Standards Committee, a body representing the six 

national engineering societies, five governmental departments and 

thirteen national industrial associations. 

During the past ten years there has been an increasing demand 

for standardization of water meters. Many complex problems, 

presented to both manufacturers and operators, finally brought 

together the water meter manufacturers at various times when the 

several problems for discussion were considered from every possible 

point of view. 

Although these informal meetings had been held for several years, 
at which time discussions on various problems involving standardiza- 

tion were held, it was not until 1916 that a more or less formal or- 

ganization of all the meter manufacturers was completed to consider 
the following subjects, constantly being brought up by water works 

superintendents, engineers and operators. 

(1) Uniform definitions of technical terms used in conjunction with 

water meters; 

(2) Demand for uniform over-all length of water meters—making meters 
of various makes interchangeable, size for size, in the same pipe 
line; 

(3) Uniform length and design of couplings; 
(4) Uniform threads on spuds of meters; 
(5) Uniform flanges; 

(6) Standard tests and capacities for disk meters; 
(7) Standard tests and capacities for current meters; 
(8) Standard tests and capacities for compound meters; 

(9) Standard guarantees to meet all requirements of the water works 
operator; 

(10) Standard materials to be used in various parts of meters; 
(11) Standard form of contract; 

(12) A standard general specification which would be satisfactory from 
every possible point of view to both the water works fraternity 
and to the manufacturer of meters. 

Some of the subjects mentioned had been brought up for dis- 
cussion at the annual meeting of the American Water Works Associa- 

tion and the New England Water Works Association. Standard- 

ization Committees from both Associations were appointed and 
worked independently of one another. On account of the infre- 
quency of meetings brought about by the members of the Committee 

being so widely scattered, no results of value were obtained until 

a joint committee representing both associations was appointed to 
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STANDARDIZATION OF WATER METERS 639 

cooperate with the Committee of the Meter Manufacturers. This 
latter committee* had been holding regular meetings, had made 

real progress and, in a limited way, had put their results into 

practice. 
At this point the writer, as Chairman of the Standardization 

Committee of the Meter Manufacturers, wishes to express an appre- 
ciation for the hearty codperation extended to the meter manufac- 

turers by the members of the Joint Committee of the American Water 

Works Association and of the New England Water Works Associa- 

tion. Without this codperation and help it would have been impossi- 

ble to accomplish what has been done. At the same time, it is 

only proper that the manufacturers, on whom possibly the greater 

burden had fallen, should have some acknowledgement. It has 

been the writer’s privilege to be present at practically all the meet- 

ings of the manufacturers and, in his opinion, no more constructive 

work could have been accomplished. 

In any discussion where two distinct points of view must be con- 
sidered, there are bound to be differences of opinions. The work in 

conjunction with the Joint Committee of the Water Works Associa- 

tions and the manufacturers was always done in a spirit of coépera- 

tion. The manufacturers always endeavored to meet the suggestions 

of the Water Works Committee or to produce scientific information 

sufficient to show that a certain proposal would be impractical. 
In this way the members of the Joint Committee held meetings 

with the manufacturers at which time the different parts of the 

specification prepared by the manufacturers were discussed, revised 

and, in many cases, entirely changed to meet the requirements of the 

water works operator, until finally the present Standard Specification 

was adopted by the Joint Committee for presentation to the members 

of the American Water Works Association at the annual meeting 

in Cleveland, and to the New England Water Works Association 

at the annual meeting to be held in September at Bridgeport, Conn. 

From the point of view of both the water works operator and the 
manufacturer, we must remember that no single specification can 

cover every possible condition which may arise. The specification 
as it now stands, however, should answer a long felt demand for 

a simple but thorough specification which will permit both the large 

and small water works operator to be certain that meters ordered 

3 The report of this Committee was submitted and adopted at the Cleveland 
Convention, June 9, 1921. See JournaL, May, 1921, page 273. 
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640 R. K. BLANCHARD 

thereunder will prove satisfactory and will provide the necessary 
protection as to construction and accuracy. 

Almost every water works man has been confronted many times 
with the annoying task of having to write up his own specifications, 
requiring much time and thought and, in most cases, many changes 

before it was acceptable to both the water works man and the manu- 

facturers. 

With the specification as it stands to-day, the water works operator 

need simply specify that meters shall be made according to “Standard 

Water Meter Specifications” and thus he may eliminate even the 
necessity for forwarding a complete copy of these specifications. 
The importance of this fact alone cannot be overestimated, parti- 
cularly to the small water works operator whose knowledge of 
specifications naturally is somewhat limited. 

It is to be noted that only the Standard Specifications for Disk 
Meters has been presented for consideration at this time. Both the 
Joint Committee and the manufacturer’s, however, are at present 
giving thought and attention to the other types of meters. In due 

course of time these specifications will be submitted to you for dis- 
cussion and approval. 

On account of the limited time which is allowed, it will be impossi- 

ble to discuss each of the several paragraphs of the specification. It 

is of interest to note some of the points which have been brought out 
in the several discussions which have led up to the completion of this 

specification. It should be mentioned that every of one these con- 

ditions has been brought up by the water works operator. 

1. Demand for uniform overall length of water meters—making 
meters of various makes interchangeable, size for size 

Previous to the time of the meetings held by the manufacturers, 
there were six different overall lengths of meters being build in the 
2-inch size. The same conditions existed in the case of the ?, 1, 14 

and 2-inch sizes. Many times, as we all know, it is necessary to 

remove a meter froma service line for repair and test. With the 

different lengths of meters it was almost always necessary to replace 
the meter removed with one of the same make and type. Frequently 
the meter department would not have on hand this same make and 

type of meter, with the result that much trouble would be caused 

and time consumed in ordering a new meter to take the place of the 
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one removed. The manufacturers, realizing this condition, finally 
agreed on a standard overall length of 73 inches in the case of the 
s-inch meter. This one change necessitated a complete change in 
construction of the 3-inch meter by four of the different manu- 

facturers and involved a considerable cost for new patterns, tools, 

etc. Almost the same condition existed in all the sizes of disk meters. 
A standard length, however, was agreed upon and all the companies 
today are making all sizes of disk meters to conform to this standard. 

2. Uniform length and design of couplings 

As in the case of overall length of meters, an even worse condition 

existed with respect to couplings. In the regular 32-inch couplings 

there were six different overall lengths in use, each being different 

in design. After careful thought, a standard was adopted which is 

now being made by all the companies so that meter couplings will 
be interchangeable. 

3. Uniform threads on spuds of meters 

A careful analysis of thread dimensions was made and it developed 
that no two manufacturers had the same standard thread for the 
same size of spud. The result was that a modified Briggs standard 

pipe thread was adopted for both the male threads on the spuds of 
the meters and the female threads on the coupling nuts. At the 
present time, any make of meter may be used for replacement with 
the assurance that a tight joint will be made—a condition which 
never before existed. 

4. Standard tests and capacities for disk meters 

In the discussions on the subject it was the aim of the manufac- 
turers to provide a test which would be fair in every way to both 
water works operator and manufacturer. In the tests as shown in 

the specification, there is hardly a case where the meters will not 

test somewhat better than shown on the limits set. Some discussion 

arose as to whether or not there should be a rate of flow lower than 

that mentioned under ‘“Minimum Test Flow’”’ which would show the 

rate of flow where the meter started to operate with no limits as to 
accuracy. It was finally agreed, however, that if a meter would 
register within a certain limit of accuracy on the comparatively 
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low flow mentioned, no necessity would exist for a lower rate of flow 
test with no accuracy requirements. 

5. Standard flanges 

All meter flanges have been redesigned to meet what is known as 
the “American Standard” which was adopted in 1914 by the Amer- 
ican Society of Mechanical Engineers and by most of the other 

technical societies. 
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The above subjects are mentioned merely to show the care and 
thought which was devoted to practically every paragraph of the 
specification. 

The necessity for a standard specification on water meters is par- 

ticularly emphasized by the increasing use of meters throughout the 
country. In the year 1920, approximately 8,449,737 meters were 
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STANDARDIZATION OF WATER METERS 643 

in service and figure 1 indicates clearly the attitude of the present 
day water works superintendent and the public toward meters. 

In 1880 there were only 4,398 meters in use; in 1890, 150,727; in 1900, 

903,326; in 1910, 3,325,498 and in 1920, 8,449,737. These figures 

offer conclusive evidence that old objections to the water meter 
have been overcome by the sound economic principle of paying for 
what you use. 

As previously stated, the present specification represents the best 

thought of some of our-members and meets with the approval of 
the Committees of the Water Works Associations and of all the 

Meter Manufacturers excepting the Gamon and Badger Meter Com- 

panies. These companies were requested to take part in the dis- 

cussion and were forwarded all information as to the progress being 

made. It is to be hoped that, after your careful consideration, it 

will be your pleasure to adopt this “Standard Specification for 

Water Meters” which will mark an accomplishment that has long 
been needed and desired. 
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EXTENSIONS OF WATER MAINS! 

Mr. D. R. Gwinn:? I believe the people who enjoy the benefit 
of extensions of that kind should pay for the improvements. There 

are real estate men in the country who believe that water depart- 
ments and water companies should make large investments for their 

benefit, that is, to enable them to sell their lots. I confess that at one 

time we fell for that kind of a proposition on the part of the real 

estate men. Recently we had a gentlemen come into the office who 
had lots some distance beyond our distribution system. He wanted 

to know if he couldn’t get water mains out there. I told him per- 
haps he might under certain conditions. ‘Well, he said, “I want 

to sell my lots up there and people will take water.”’ “Yes, I presume 
they will sometime, but if you would like to have that main extended, 

we will give you an estimate of what it will cost to make the exten- 

sion. You give us a check in accordance with the estimate. If the 

cost should exceed the estimate, we will expect you to pay the differ- 

ence after the work is done. We will give you an opportunity to 
check up on the cost. We will keep a careful record of the time and 
material and will give you the benefit of the prices we secure from 
the manufacturers for the material, plus 10 per cent for supervision. 

If the cost should not be equal to the estimate, we will then pay 

back to you the difference between what you paid and the actual 

cost.” “Well,” he said, “isn’t there any chance of my getting 
the money back again?” ‘In Council Bluffs, Iowa, they do pay back 
the money on a similar plan, but they pay it to the then owners of 
the property. If you go to the expense of an improvement of that 

kind, you will add it to the cost of the lot, $50 or $75 or whatever 

it will be for each lot, just the same as you would charge up the cost 
of the sidewalks and the setting out of the trees. I will make you 
another proposition: if, in the future, some time in the distant future, 
we should have say eight customers using water and paying for 
the same on each 365 feet of extension and the city should order a 

1 Discussion at the Cleveland Convention, June 9, 1921. Further discus- 
sion is desired and should be sent to the Editor. 

2 President, Water Company, Terre Haute, Indiana. 
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fire hydrant and pay us at the ruling price of $50 each for a hydrant 

on each 365 feet, then we will return to you the estimated value 

of the pipe at that time and the then ruling price for common labor, 

less 1 per cent per annum for depreciation.” I drew it up in the form 
of a contract and he took it away. He has not come back yet. If 
he wants water pipe extended so that he can sell his lots, he will have 
to furnish the money in advance for the extensions. 

Mr. W. W. Brusu:’ The discussion of this subject would be most 
useful by each one telling their own practice and experience. I 

personally believe that it would be helpful to the members of the 

Association if we could have papers on this subject as a result of 
committee work, setting forth the experience and practice of a group 

of, say, a dozen communities of each size, communities that would 

be typical in this country. We could then at any time go to this 
record and see just what other communities of the size of the one we 

were looking after have been doing. The situation of a municipality 

is quite different from the situation of a private water company. 

With the municipality, there is an almost immediate return on the 

extension of water mains in the form of increased assessments and 

the resultant increased tax on the land. In New York the practice 

for many years had been for all extensions to be paid for through 

the issue of corporate stock. The adjacent property owners thus 
are not directly assessed for the cost of extending the mains. Under 
such conditions, you may readily see that there will be a demand made 

for an extension of the mains to a large extent irrespective of the 
real need for such extension. Any property owner is perfectly will- 

ing to take the chances of the increased cost to him as a result of 

increased assessments, if he can get a water main in front of his 

property. It is therefore essential that the department in charge 

of the water extensions should formulate some sort of rule to guide 

and determine whether the main shall or shall not be extended. The 

department is the sole authority to determine whether a main shall 
be placed in a given street and the size of that main. This is only 

subject to the control by the Board of Estimate as to the funds 
allowed and to the passing of the contract for the installation of 
that main. Neither the Board of Estimate nor any other city 

* Deputy Chief Engineer, Dept. Water Supply, Gas and Electricity, New 

York, N. Y. 
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authority, however, can initiate the installation of a main. This 

rests with the water department. 

When an application is received in New York City for the exten- 

sion of a main in a given street, it is turned into the engineering bureau 

and a field survey is made to find out the number of houses to be 
served and to plot the existing mains and hydrants. A sketch 

is made out on a special form giving information as to whether the 
street is to grade, whether the title is legally invested in the city 
or simply by occupancy, and as to whether curbing, pavements, 

etc.,are present. In general we apply this rule, that if there be one 

house to each one hundred and fifty feet of main that the requested 
extension is recommended, if the street be approximately to grade. 

The rule is not altogether a satisfactory rule, and recently we have 

allowed 100 feet in addition for each additional family to be served. 
We have given little consideration to the value of the buildings to 

be served. The custom in New York has been established for so 

long and there are so many hundreds of miles of street in which mains 
have been extended under this custom, that it is doubtful whether 

it would be fairer to make a change which would give us a more logi- 

cal basis for the extension of mains than to continue with our present 

system. It would in my judgment, be very helpful to all those 

communities which are in position to do so, to establish a rule where- 
by the property directly benefited will bear as large a share of the 
cost of installation of the main as is practicable. 

Mr. J. W. McEvoy:‘ The city I represent has a population of 
about 40,000 people and we have been working under a plan similar 
to Detroit on extension of water mains. Where the applicant would 
guarantee 15 per cent of the cost of a 6-inch main, the extension was 
made, 

Our city has introduced a bill before the legislature at Des Moines, 
Iowa, for assessing and refunding the cost of a water main to the 
abutting property on a plan of this.kind: Where a number of 
property owners make application for the extension of a water main 
or where the water board of a city council, or the city manager of 

a city manager form of government, deem it advisable to extend a 
water main, the cost of said extension should be assessed to the abut- 

ting properties, on size up to and including a 6-inch main, in the same 

‘Superintendent, City Water Works, Dubuque, Iowa. 
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way that assessments are made on a sewer on street improvement. 

All street intersections should be exempt from any assessments. 
An estimate should be made of the cost of the proposed extension and 
filed with the City Council. The City Council then levies the 
assessment against all property served, and on failure to pay the 

assessment at a specified time the property then might be sold for 

non-payment. The bill also provides a refund clause. As each con- 

nection is made the assessment for fifty running feet, for a fifty foot 
frontage, shall be refunded to each abutter making a connection with 
the main, installing a meter and becoming a live consumer. The 

idea is to compel the abutter who fails or refuses to connect, to 

carry the cost of the improvement until such time that he, or some 

one else makes connection to the main. In this way the water depart- 

ment will be able to extend mains through unserved districts and 

compel the speculator who is holding his idle property for higher 

prices to carry the load until such time as his property is improved 
and connected and the water department is receiving a return on 

the improvement. 
We hope to have this bill passed at the next session of the legisla- 

ture. The bill follows: 

A Brut ror An Act 

To provide for the levying of special assessment upon privaiely owned 
property for the payment of extension to water mains by municipally owned 
water works, prescribing the course of procedure therefore, and authorizing 

a refund when connections are made therewith. 
Be it enacted by the General Assembly of the State of Iowa. 
Sec. 1. Cities and towns owning water works, whenever the City Council 

or Board of Commissioners deem it necessary or advisable to extend water 
mains into unserved territories or distr.cts, may, by proper resolution, declare 

such necessary and advisable, and, by following the procedure provided for 

by law with reference to the construction of sewers, they shall have the power 

to levy assessments upon privately owned property benefited thereby: Pro- 
vided, however, that all assessments shall be limited to adjacent or abutting 

property and shall not be in excess of Twenty-five Per Cent (25%) of the 
actual value of said property, as now provided by law in the case of special 

assessments. 

Sec. 2. Whenever an assessment is made hereunder it shall remain a lien 

upon the real estate until paid, and it shall become due and be delinquent as 
other special assessments and shall be subject to the same penalties for failing 

to pay the same as now provided by law, including the right of the city to sell 

the property for such delinquent assessments. Provided, however, that all 

of the provisions of law with reference to the payment in annual installment 

shall be applicable hereto. 
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Sec. 3. The cost of extending water mains in street or alley intersections 
shall be borne by the city or town. Where streets intersect but do not cross, 

half of the cost of such extension shall be paid for by the property benefitted 
thereby. No property shall be subject to more than One (1) assessment for 

water main extensions unless such property has a greater frontage along said 
improvement than One Hundred (100) linear feet. If the property has a greater 
frontage than One Hundred (100) linear feet along said improvement the 
excess frontage may be assessed for its proportional share of the cost thereof. 

Sec. 4. In making assessments upon private property the amount thereof 

shall be calculated upon the cost of laying six (6) inch pipe and where larger 
pipe is used the difference in cost between such larger pipe and the six (6) 
inch pipe shall be paid by the city or town. 

Sec. 5. When any real estate, which has been assessed as herein provided, 
connects with such water mains, there shall be returned to the person en- 
titled such a portion of the assessment as will amount to the cost of laying 
fifty (50) linear feet of main, as shown by such assessment, or return shall be 
made by allowing for each fifty (50) linear feet assessed One (1) connection, 
until the whole amount of the assessment has been returned, less the interest 
paid thereon. Provided, however, that whenever any lot or parcel of real 
estate, having a frontage of less then fifty (50) linear feet makes a connection 
with such main then the return shall be made in such proportion as the number 
of linear front feet of such lot bear to the linear foot cost of laying the main, 
as shown by such assessments, but in no event shall a larger amount be re- 
turned to the property owner than for which he was originally assessed. 

Sec. 6. All laws relating to special assessments, unless modified herein, 
shall apply to assessments levied for the extension of water mains. 

Mr.T. A. Letsen:’ For a number of years mains not demanded 

by a continuous built-up section were laid on what was designated 
as the bonus plan, in which the petitioners for the pipe lines were 
required to pay 15 per cent of the cost of laying those mains. The 
cost of the main was estimated in advance, and the party peti- 
tioning for the main was compelled to pay 15 per cent of the 

cost of a 6-inch pipe, or its equivalent. If the Water Board con- 

sidered a larger pipe necessary, it was laid in place of 6-inch, but 

the petitioner was only called on to pay 15 per cent of the esti- 

mated value of the 6-inch pipe laid through that section. That 
system had some advantages and a great many disadvantages 
For instance, if the petitioner wanted to build a house which might 
be three or four hundred or even a thousand feet away from the 
nearest main, he had to pay 15 per cent of the total cost of the pipe 
up to that point. Frequently about a week or two after that pipe 
was laid, numerous other owners immediately began to build houses 

5 Civil Engineer, Board of Water Commissioners, Detroit, Mich. 
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and thereby obtained the free use of that service, unless the peti- 
tioner was clever enough to have made some previous arrangement 

with the intermediate property holders to induce them to share 

the cost of that laying. 

It worked out as I have said fairly satisfactorily, but it was an 
unjust placement of the cost on some one consumer to the advan- 
tage of others. In order to obviate that condition a law was passed 

about three years ago providing for a general assessment against 

the property on each side of the street where a main was to be laid. 

That assessment amounts to 25¢ per foot on each side of the street, 

making 50¢ per foot in all. The balance of the cost is borne by the 

Water Board. If Detroit had laid water mains in proportion to the 

prospective growth of the city, starting ten or fifteen years ago, 

it would not have been compelled, during the last six or eight years, 

to have laid such an immense amount of pipe, but prior to that date 

the city had already begun to grow at such an enormous rate that 
it had outstripped practically all the public utilities, including the 
water supply system, and not only the mains but the pumpage facil- 
ities were more or less inadequate. This was forseen nearly ten 
years ago and a start was made to equip the pumping stations with 
several additional pumps and also to lay some large mains, but the 
main feeders did not quite keep pace with pumping facilities and 

the consequence was that the policy of the Board, ten years ago, 

was to discourage rather than to encourage the laying of the mains 
into the outlying districts. It was an unfortunate condition, but 
I think those are the facts. The result was that during the past 

six or eight years, we have been forced to work overtime to keep 

up with that phenomenal growth that Detroit, has exhibited. 
The financial factor has been met with greater facility than some 

of the physical propositions we have been forced to encounter. Most 

of the pipe was laid heretofore out of the surplus earnings of the 

Water Board in spite of the very low rate which Detroit citizens 
enjoy. During the past year, a bond issue, amounting to $12,000,000 
was authorized, about $5,000,000 of which is to be devoted to the 

filtration works, and the balance of $7,000,000 principally to ex- 
tending large arterial mains, 48 inches in diameter or smaller, to 

reach the outlying sections of the city. Fortunately Detroit has 
been able to sell those bonds at a remarkably good figure, and up 
to the present time we have not had any financial difficulties. 

is 



DOUBLE CHECK VALVES ON WATER SUPPLIES! 

Mr. J. W. AckKERMAN:? About eight years ago the city of Auburn, 

N. Y., experienced difficulty with a certain plant that had a fire 

protection system and a large yard area. The area of the yard was 

so large that the supplies for the different mills inside the yard were 

taken direct off of the yard system; that is, the fire protection system 

and the mill supply were not separated in the sense that there was a 
distinct line coming from the city main for fire protection and a dis- 
tinct line from the city main for mjll and industrial use. The fac- 

tory employees complained that on fire drills the water tasted badly. 

When the whistle blew for fire drills, they would immediately draw 
some water so that it would not taste badly. The water for the 

secondary or auxiliary supply came from a large cistern not necessarily 

polluted, but of course brackish water. This led to an investigation, 

and we found that the water from the fire pump was backing up 

through the check valves and into this general yard system. It 

was not necessarily polluting it with infectious germs, but it made the 
water taste. Then the entire city was looked over and it was found 
that nearly all of the check valves had been buried and forgotten 
and that they were single check valves of the normal commercial 

type. The governing board of the water department felt that this 

was so vital that they ordered all of the fire protection system dis- 

connected. Of course that brought about immediately a protest 
from the manufacturers and from the insurance interests. There 

was then a joint meeting with all parties interested, and what we 
call in our section the Boston Mutuals, which is the Mutual Manu- 
facturers’ Association, came to the front and designs were submitted 

and tested. A new kind of a check valve was developed, the inte- 

rior of which had all of its working parts of bronze with liberal clear- 
ances, so that tubercles would never hold a clapper open. This 
investigation went on something over a year, with sanitary engineers 
testing and trying out the system. It finally came about that these 

1Discussion at the Cleveland Convention, June 9, 1921. Further dis- 
cussion is desired and should be sent to the Editor. 

2Superintendent, Water Board, Watertown, N. Y. 
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were approved by the State Board of Health. The State Board of 

Health of New York State is advising all of the municipalities to test 

and inspect these check values and that they should be so installed 

that they can be tested and inspected. That means that they must 

be placed in accessible pits and must be tested yearly. We felt 

that the only safe method of control is not only by frequent inspection, 

but also that the valve should be taken apart once a year and exam- 

ined thoroughly, as the rubber facing on the valve is apt to deteri- 

orate and tocausealeak. Thevalvesareseparated. They are always 

installed double and separated from one another, so that any stick 

which might get into the main which could get around the bend would 

not be long enough to hold both valves open at the same time. 
The sanitary quality of the water of course is the first thing to be 

considered. Since fire protection is also a proper function, these 
two requirements should be coordinated so that both may be sat- 

isfactorily met. It was our experience during this period of years, 

that the only safe plan, however, is yearly inspection, taking the 
valves apart and testing them and repairing them. Such a proce- 

dure keeps before one the fact that the valve is there and must be 

watched. With those precautions taken, I believe it has been stated 
that the loss of life from infection has been brought down to the 

point of being less than the loss of life from conflagration. 

Mr. H. A. BurnHAM:;’ I am very glad Mr. Ackerman has touched 
on a little of the early history of the development of this device. 

During the winter I had the pleasure of presenting to the Canadian 

Section of this Association a concise outline of this entire question, 

and that paper has been printed in the last number of the JouRNAL.*‘ 
There is one thing that I wanted to make clear in the handling of 

this device, and this is that you cannot expect the best results from 
it unless all other use of water is disconnected from the supply system 

within the property. I find in going about the country on fire pro- 
tection work, that there is a great need of better understanding and 

regulation between the water consumer and the water department 

regarding the fire service connections. I believe that if this one 

thing were kept in mind, that the fire service connections should 

always be independent of all other connections within the property, 

‘Engineer and Superintendent, Factory Mutual Fire Insurance Co., 
Boston, Mass. 

4See JouRNAL, May, 1921, page 222. 
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that there would never be occasion to put aside the performance of 

these check valves. I should like very much to hear from any of the 

superintendents who have had these valves under their charge, 
what their experience has been with them, because this matter of 

fire protection is of vital importance. We feel that if the sanitary 

engineers do not cooperate fully with the fire protection engineers, 

that the best results cannot be obtained. 

Mr. D. R. Gwinn’ Last year I wrote to a firm of prominent 

valve manufacturers asking if they manufactured a check valve 

which could be considered as a safe appliance to put on a private 
fire line, to prevent the flow of water from the secondary system into 

the mains of the company. I had a letter in reply from the vice- 
president to the effect that he did not think it was possible to con- 

struct such a valve and that he did not know of such a valve. Per- 

sonally, I believe that there should be no connection between the 

public water system and a private water system. Iam not, however, 

always consistent in that belief; I have been persuaded several times 

to permit connections to be made. Where I put in the double check 

valve, however, I felt satisfied that the secondary source of supply 

was reasonably pure and could be depended upon, The best plan 

I have heard of in this connection was one Mr. Davis, of Richmond, 

suggested. I would be glad to have him tell you how he fixed it 
in Richmond. 

Mr. E. E. Davis:* That is very easily explained. We had oceans 
of trouble down there and everybody wanted to connect their well 

or spring or stream into a tank that would be connected with the 
fire system. I found a place once that was so connected, but the 

valve leaked, and I have had other places where the valve leaked. 

I have yet to find the place in my experience where the water did not 

get by the valve. The great trouble about it is that it is the face 

of the valve, the adhesion of the clapper of which Mr. Ackerman 

told. It is one of the hardest things in the world to get a tight joint 

when it is automatic. We had trouble with check valves and the 
Council passed an ordinance prohibiting any connection between a 

well or stream and the city supply. We are requiring a weighted 

check valve on the main line with a by-pass meter on all sprinkler 

5President, Water Company, Terre Haute, Ind. 
‘Division Superintendent, Bureau of Water, Richmond, Va. 
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DOUBLE CHECK VALVES ON WATER SUPPLIES 653 

head systems where a fire connection is made and water is used for 

other purposes. The ordinance requires a meter the same size as 

the connection. The only suggestion I have to make to the water- 

works people—my experience in waterworks will be forty-nine years 

on September 28—is that I have yet to be convinced that it is a good 
idea to connect any other system of water with the city system. 

If you want it safe, cut loose. 
& 
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REPORT OF COMMITTEE ON REVISION OF STANDARD 
SPECIFICATIONS FOR CAST IRON PIPE AND 

SPECIAL CASTINGS! 

Although it is ten years since the date of its original appointment, 

your Committee again submits a progress report. 

The war and the continued price inflation, resulting therefrom, 

have cast an economic shadow on such work as restandardization of 

materials. The users of pipe have of late been more interested in 

a reduction of price than in the refinement of design or in the improve- 

ment of quality, and the manufacturers have been opposed to any 

change in present specifications. In short, the time has been “out 

of joint” for the revision of existing standards, and your Committee 

have been content to make progress slowly, believing that revision 

can only be justified by a real demand and such support of the mem- 

bership as will make new specifications practically effective, when 

adopted. That such a condition does not now exist is evident from 
numerous letters recently received from members, in which there is 

apparent the feeling that the present is not an opportune time for 

any change in existing standards, which might result in increased 

cost. And yet, the same reasons, which led to the appointment of 

your Committee, still hold good. Undoubtedly, with a return to a 

lower price level the time will come when the membership will 

insistently demand pipe of an improved quality. 
In the meantime, your Committee can profitably continue its 

coéperation with the Committee of the New England Water Works 

Association in several lines of investigation, which must be followed 

to a conclusion before final decision in reference to important changes, 

suggested in the tentative draft of revised specifications—formulated 

in 1917 for criticism by the membership and the manufacturers— 
can be reached. 

These important changes included the adoption of a uniform out- 

side diameter for different classes of pipe of the same nominal diameter, 

1Presented before the Cleveland Convention, June 8, 1921. The report 

was accepted and the committee was continued. Discussion is invited and 

should be sent to the Editor. 
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SPECIFICATIONS FOR CAST IRON PIPE 655 

the obtaining of tougher and more trustworthy iron by the require- 

ment of a definite relation between breaking load and flexure in test 

bars, and by specifications of the chemical quality of the metal, and 

the provision of a better coating by a more detailed specification of 

the quality of the material used and the method of its application. 

Considering, first, the question of uniform outside diameter—no 

effort on the part of the Committee, was necessary to find out that 

the manufacturers were strenuously opposed to its adoption, but 
it has proved much less easy to determine the consensus of opinion 
among pipe users. 

A circular letter sent out to the membership in 1918, after the 

tentative specifications? had been submitted to the Association at 

the St. Louis Convention in May of that year, asked replies to the 

following questions and elicited the response noted after each 

question. 

1. Do you think a revision of the existing specifications desirable? Yes, 
34; No., 13; 72 per cent in affirmative. 

2. Are you in favor of a uniform outside diameter? Yes, 34; No, 13; 72 
per cent in affirmative. 

3. Are you in favor of specifying chemical requirements of the metal? 
Yes, 28; No, 11; 72 per cent in affirmative. 

4. Are you in favor of a relation between flexure and breaking load? Yes, 
29; No, 7; 80 per cent in affirmative. 

More than 70 per cent of the replies were in favor of the uniform 

outside diameter but less than 4 per cent of the membership took 
sufficient interest to respond and the small number of replies from 
those representing the larger cities and from engineers of broad 
practice was noteworthy. A similar questionnaire in the New 
England Water Works Association showed about 85 per cent of the 
replies to be in favor of the uniform outside diameter, but again the 
failure of the membership to cooperate with the Committee was 

evidenced by a response totalling less than 9 per cent of the active 
members of the Association. 

These results could not be reasonably interpreted as a decisive 

mandate in favor of the uniform outside diameter and accordingly, 
it was decided last year, by the Joint Committee of the American 

and New England Associations Committees to send out another 
circular letter to a special list of the Water Department officials 

2See JourNAL, September, 1918, page 385. 
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of cities having a population of 100,000 or more and to consulting 

engineers. This letter, 140 copies of which were mailed on April 

1st of this year, contained the following questions: 

1. Do you believe that a provision for a uniform outside diameter for all 

classes of pipe of the same nominal diameter, up to some limiting size, should 

be included in the revised specifications? 
2. Would you, if pipes cast with a uniform outside diameter were avail- 

able, immediately recommend their use in your own work? 

Up to the time of writing this report, 67 replies have been received 

as follows: 

Question 1: Yes 29 

No 35 
Noncommittal 3 

Question 2: Unqualifiedly Yes 27; Unqualifiedly No 24 

If no increased cost, Yes3; Because of assumed increase in 
cost, No 8 

Contingently Yes 3; Noncommittal 2 

The advantages of the uniform outside diameter for new work is 

almost unanimously recognized and opposition to its adoption is 

based on anticipated increased time and complications in making 

repairs in existing systems and on the assumption that it would entail 

a material increase in the cost of pipe. On the other hand, some of 
the most practical men are in favor of its adoption and, believing 

that it will come into use sooner or later, express the opinion that the 
sooner this is effected the less will be the resulting difficulty in con- 
nections with old work. Some refer to complications in hydraulic 
computations, due to variable inside diameter, while others believe 

this to be of little moment. In several cases men who were in favor 
of the uniform outside diameter in 1918 have now reversed their 

position. In many of the larger cities only one class of pipe is used 

regardless of varying pressures—and for these cities the adoption of 
a uniform outside diameter is not a matter of compelling interest. 
In such cases a quite frequent reply from the officials, in answer to 

Question 2, is that they would use the new specification—provided 

the uniform outside diameter selected were based on the class of 

pipe already in service in their systems. Other replies express the 
belief that the adoption of a uniform outside diameter would not 

involve any additional cost and references are made to instances where 
pipe, so cast, has been furnished by the manufacturers without any 
increase in price. 
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Whatever the final balance of the weight of evidence for and against 
the uniform outside diameter—as furnished by the replies to the 

circular letter of the Joint Committee—it is quite apparent that 

there is not, at the present time, such unanimity in favor of this 

amendment to existing specifications among the membership of 

either the American or New England Associations as will guarantee 

its practical adoption as a universal standard. The manufacturers 

are opposed on the score of larger cost and greater difficulty in making 

good pipe. Because of this opposition on the part of the producers 

and of the apparent absence of any concerted demand by pipe users 

it is not improbable that the Joint Committee will finally decide to 
drop the uniform outside diameter from its program. 

Turning to the question of improved quality of the metal and the 
proposed requirements of a relation between breaking load and flexure 

in test bars and to a limitation of certain constituents in the iron, we 

again find the manufacturers in opposition as regard the specification 
of chemical quality. It is claimed that, because of the great variation 

in the material used in different foundries, no fixed requirement 

defining the limits of carbon, silicon, manganese, phosphorus and 

sulphur could be made generally applicable. And so it has been 
proposed that the object of obtaining a tougher and more trustworthy 

iron can be reached by specifying only a relation between breaking 

load and flexure in the test bars on the assumption that by ful- 

filment of this physical requirement, the absence of detrimental 

constituents, or combination of constituents, in the metal will be as 

well guaranteed as by direct chemical analyses. In attempting to 
determine whether such a relation can be established by studying 

the test records of the manufacturers, it was found that, in the 

past, there had been no uniformity in the method of casting the 

bars and that consequently a special series of tests will be necessary 

in order to obtain comparable results. Accordingly the manufac- 
turers have arranged for Dr. Richard Moldenke to test for breaking 

load, flexure and tensile strength, a large number of bars cast uni- 
formly at various foundries, to make coincident chemical analyses 

of the metal and to study the results in an endeavor to establish a 
relation between the chemical qualities of the iron and the physical 

tests of standard bars. This work will be soon under way and it is 

believed that the results may have an important bearing in determin- 
ing whether or not a requirement for chemical qualities of the metal 
should be incorporated in the revised specifications. 
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The question of an improved coating for cast iron pipe is another 

phase of the problem of revision which will require time and money 
for proper investigation before a final specification can be reached. 

No one will deny the fact that present pipe coating is far from satis- 

factory as a permanent protection against tuberculation and conse- 

quent loss in hydraulic capacity and, with present and probable 

future price levels, the economy of maintaining hydraulic capacity 
by a better coating is easily apparent. How to determine what this 

better coating should be is the question. Experimental work under 
the direction of competent specialists will be necessary and, in such 

an investigation, the coating of steel pipe may well be included. The 
National Research Council have been approached and have signified 
their willingness to undertake the supervision of such an investiga- 

tion, but money will be necessary and as, presumably, neither the 

American nor the New England Association has funds available for 

this purpose, it remains to be seen how far the manufacturers will 

go in financially supporting this work. 

Your Committee, if continued, hopes to be in a position by the 

end of another year to make a report of more definite interest, but 

it should be recognized that, when results are so dependent upon 

experimental work involving a substantial expenditure, the Com- 

mittee is in the difficult position of having to rely on the cooperation 

of agencies beyond its control, and progress is necessarily slow. 
This report is approved by the three non-producing members of 

the Committee, one member dissents and one has not made known 

his position. 
Respectfully submitted, 

F. A. BARBOUR, 

Chairman. 

PROGRAM FOR ANNUAL CONVENTION 

The program for the annual Convention at Philadelphia is now 
being prepared. Suggestions regarding topics for discussion and par- 
ticularly regarding papers on any phase of water supply are invited. 

Members are urged to send these suggestions at once to the Chairman 
of the Publication Committee, Robert B. Morse, Chief Engineer, 
Maryland State Department of Health, 16 West Saratoga Street, 
Baltimore, Md. 
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DISCUSSIONS 

CLEANING WATER MAINS 

I have enjoyed reading Mr. Foreman’s paper,' particularly as he 
has told the bright side of cleaning. At Charleston, S. C. we have 

a twenty-four inch main 55,000 feet long. It was cleaned first 

early in 1916 and again in 1917, and last December we again made a 

test to determine the friction losses. We have a twenty-inch line 
paralleling the twenty-four inch line for 30,000 feet of its length. 
We used the twenty-inch line as piezometric pipe, measuring the 
water passing through the twenty-four inch line by a Simplex Ven- 
turi Type meter. The test to determine the friction loss covered the 

lengths of 10,000, 20,000 and 30,000 feet. The results obtained 
showed that the co-efficient in Chezy’s formula had fallen to 76. 

We at once entered into a contract to clean the main and the work 

was done in April of this year. Tests made immediately after 

cleaning showed that the co-efficient had been restored to 106. 

Knowing that the main had, after former cleaning, deteriorated 

more or less, and the co-efficient had fallen from something over 
100 in 1917 to 76 in 1920, we decided that we would make monthly 

observations in an effort to determine the rapidity of deterioration. 
The test immediately after cleaning was made on April 18th, the 

second test was made on May 19th, and to our great surprise we 
found that the co-efficient had dropped to 80. A third test made on 
June 28th indicated that the co-efficient was 793, substantially the 

same as the test in May and certainly within the error of observation. 

An examination of the inside wall of the main showed that the 
entire surface was covered with small tubercles from } to } inch in 
diameter, and projecting from the surface anywhere from 3; to } 
of aninch. Probably the best illustration is that of the pebble dash 

on a stucco wall. From this indication and our general observation 
we are of the opinion that the size or the reduction in the area of the 
pipe, due to the tubercles, is not of so great importance as the 

number and the result in the increase in the roughness of the in- 
terior of the pipe. 

1 JoURNAL, July, 1921, page 369. 
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Our water supply is obtained from a tidal estuary of the Cooper 
River, the storage reservoir being formed by a dam which acts to 

cut off the tidal salt water. The water is very soft and highly 

colored having an alkalinity of about eleven parts per million. 

After coagulation and filtration we add alkalinity in the form of lime 

water to bring the alkalinity of the filtered water up to 18-20 parts 

per million. This is necessary to avoid the red water troubles so 
often found in filtered waters. 

J. E. Grsson.? 

When I first learned that Mr. Foreman had prepared this paper 
for the Association it seemed inadvisable for me to discuss it, since 

I am interested in the Company which does the cleaning work, but 
after reading Mr. Gibson’s statement, I thought that some one 
might reason from this particular and isolated case, and arrive at 
an erroneous conclusion. 
Many hundreds of miles of pipe have been cleaned in the United 

States in the past fifteen years, and some have been re-cleaned, but 
the percentage of re-cleaned mains is very small. 
Now in many instances, main cleaning was an absolute necessity 

and if such mains had become rapidly incrusted after cleaning, 
there would have been a much larger percentage of re-cleaning. 
The condition as described in Charleston is by far the worst that 
has come to my attention, and I believe upon further investigation 

would be found not to be in any way a result of either the original 
cleaning, or re-cleaning, operations. Possibly treatment of the 

water at small cost would retard or even prevent this action of the 

water, but that, of course, would be a question for the experienced 
engineer on water treatment to decide. 

I can mention specifically the following places where water main 
cleaning has been extensively employed and regarding which definite 
information has been given me. While for the first year after 
cleaning the water action may have been noticeably greater, the 
incrusting or corrosive action after that time was no worse than in 

pipes which had never been cleaned. These cities are Cincinnati, O., 

Buffalo, N. Y., Boston, Mass., Cambridge, Mass., Shreveport, La., 
Kansas City, Kansas, and Omaha, Nebraska. 

Burt B. Hopeman? 

* Manager and Engineer, Water Department, Charleston, S. C. 
’ Civil Engineer, 50 Church St., New York, N. Y. 
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STORAGE OF WATER 

To quote from the first paragraph of Colonel Johnson’s paper: 
‘In a single decade millions of people grievously suffered and hun- 
dreds of thousands died in consequence of disease brought to them 

by the agency of impure water.”’ There is nothing especially 
dramatic about the onset of typhoid fever. Even during periods of 

epidemic the disease is looked upon, seriously doubtless, but without 
any approach to panic. Stress is wisely laid upon the fever’s 
insidious approach in Colonel Johnson’s appeal for more than 
simple storage when a doubtful water is being prepared for municipal 
supply. 

Suppose that in a city of a hundred thousand inhabitants some 
public undertaking (the much-accused trolley system, for instance) 
were so badly managed that 50 human lives were crushed out annually 

and 500 other persons were more or less seriously injured, does 
anyone believe that the people of the town would tolerate such a 

state of affairs, or that they would grudge the amount of money 

necessary to stop such carnage? Surely not, yet because of a 
faulty water supply they might be submitting quietly to just as 

large a loss from death and disability, only coming in a way less 
tangible and less shocking to the feelings. 

There is no system or efficient method for purifying a polluted 
water so expensive but that a community can well afford to intro- 

duce it, rather than to drink the water in its raw state, and this, 

too, from purely economic considerations, and leaving out of sight 

all ethical questions whatsoever. 
Public works which could eliminate a reasonable fraction of the 

great typhoid tax would certainly pay for themselves in the course 
of a few years even though they were originally expensive. Let us 

ask such as may have doubts upon this point to read again the 
history of the epidemic of typhoid fever in the valley of the Tees, 
and the records of the cholera plague at Hamburg, and to note 
what such dire experiences have taught and what use has been made 
of the teaching. 
Do those interested in the furnishing of water to a town ever 

permit a factor to enter their calculations representing the pecuniary 

damages that might be claimed by parties who receive bodily injury 

‘ JournAL, July, 1921, page 291. 
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through the use of impure water? This question appears to be 
taking on some magnitude, and if the courts look favorably upon it, 
there is scarcely a limit to the proportions it might assume. 

W. P. Mason.® 

ACID POLLUTION OF STREAMS 

Prof. C. M. Young has given an exhaustive paper® on the river 
pollution occurring in Western Pennsylvania. The work done by 

the United States Engineer Office in 1914 was very thorough and 
Professor Young’s paper so ably presents the facts that one can 

scarcely add anything thereto. As the writer has had the oppor- 

tunity, however, of making a study of the conditions both in regard 

to the local damage and economic loss and the effects extending by 

way of the water courses to other parts of the State, and as the 

most extensive source of the pollution referred to is from coal mine 
operations, it may be of interest to give some additional data bearing 

more or less directly upon the coal industry in Pennsylvania. 

At least forty-four of the total sixty-seven counties of the State 

contain coal, eleven in the anthracite and thirty-three in the bitumi- 
nous fields. At the present time, however, ten counties in the 

anthracite and twenty-seven in the bituminous regions are producing 

coal for market. 
The anthracite fields cover 315,482 acres of territory and contained 

originally over 57,000,000,000 tons of coal of which 94 per cent was 
still in place up to the year 1918. 

Figures for quantities of bituminous coal are not available, but 

an idea of their extent may be obtained from the total area of the 

bituminous counties, which is 26,547 square miles or 59 per cent 
of the area of the whole State. 

The total production of coal for the last three years in which data 
are available is as follows: 

1917 1918 1919 

tons tons tons 

5 Professor of Chemistry, Rensselaer Polytechnic Institute, Troy, N. Y. 
6 JouRNAL, May, 1921, page 201. 

| 

4 

| 
| 

| | 
] 

| 

| La 

4 



DISCUSSIONS 663 

The capital invested in the industry in 1919 was something less 
than $700,000,000 and the total market value of the coal produced 

for that year was about the same figure. 
Producing coal at the present time are 2572 shipping coal mines, 

of which 432 are anthracite and 2140 are bituminous. In addition 
there are 1969 other mines, employing fewer men from which the 
coal is hauled in ‘‘ wagons.” 

There are also the worked out or ‘‘abandoned mines.” No 
records are available as to the number of this class of mines, but 

when drainage occurs from these old workings it is usually quite 
acid and lasts for years. 

It might here be mentioned that the drainage from the shallow so 
called ‘‘wagon mines”’ is comparatively slight and usually free from 

acid, so that we do not consider the ‘‘wagon mines” as a part of our 
problem of acid pollution in streams. 

Estimates indicate that 850,000,000 gallons of water are pumped 

daily from the anthracite mines and 600,000,000 gallons from the 
bituminous. 

In the anthracite fields there are some 300 breakers and washeries 
discharging over 40,000,000,000 gallons of water annually, carrying 

10,000,000,000 tons of fine culm into the streams. Along with this 
also goes acids and acid salts to the amount of 4000 tons daily. 

The effect of such wastes is given by a typical case of 1300 gallons 
per minute of water pumped, containing 29 grains per gallon of free 
acid and 39 grains per gallon of combined acid. This amount is 

equal to 1 ton per hour of storage battery acid. This can dissolve 
1400 pounds of iron per day, which at 5 cents per pound amounts to 
$17,000 per year. It frequently costs $20,000 to repair the damage 
done annually by the acid water at a single coal breaker. 

A glance at the state map will give an idea of the far reaching 
effect of the acid pollutions. In some locations it is impossible to 
find a stream not contaminated. Pure water has to be brought from 

long distances at great cost and in some cases it is not available at 
all. 

When the water is not acid it has become neutralized chiefly by 
limestone and as a result it is exceedingly hard. Both the acidity 
and hardness are keenly felt as well in the smaller streams in the 
mining regions as in the larger water courses in all of the main 
drainage areas of the state. Professor Young has referred to the 

territory and water courses tributary to the Ohio River basin, but 

in addition our other streams also suffer. A considerable bitumi- 
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nous drainage reaches the Susquehanna River although the larger 

contribution to our eastern rivers is from the anthracite fields. 

Of the 309 breakers, 260 discharge to the Susquehanna River 

System, 37 to the Schuylkill and 12 to the Lehigh. In other words 

of the anthracite pollutions, 85 per cent occurs on the Susquehanna, 
10 per cent on the Schuylkill and 5 per cent on the Lehigh. 

In addition to what Professor Young has said about the drainage 
and economic loss in the Pittsburgh Engineering District, we find 
that the effects are more widespread. At least 96 public water 

supplies in the state receive water more or less contaminated with 
mine drainage. The total daily consumption from these supplies 
is approximately 625,000,000 gallons furnished to over 3,777,000 

people or 43 per cent of the entire population of the State. 
The effects upon water purification plant operation, encountered 

in the removal of excessive turbidity, in low alkalinity, necessitating 
expense for the addition of lime or soda, and the extra hardness, 

are apparent in the burdens borne by every consumer. Reliable 

figures for the excessive hardness directly chargeable to acid mine 
drainage are not available for all plants in the state, so that it is 
impossible to estimate the entire damage and economic loss felt 
throughout the whole commonwealth. It is believed, however, by 
conservative thinkers to be at least $20,000,000 annually. 

To solve the problem of the acid mine pollution of streams without 
materially adding to the price of coal, much has been done but 
little accomplished. People continue to take out patents for doing 
the work, but they do not take out the pollution. The finer sizes 
of coal are being saved and the modern jig tables, classifiers and 
hydro-separators are proving quite efficient in this work, but there 
is yet much to be desired. 

In some cases, as the one referred to by Professor Young, the 

acid is neutralized and iron compounds recovered; but the resulting 
excessive hardness is an important problem to be solved. 

The possibility of finding some of the more valuable rarer ele- 
ments should not be overlooked, but beyond small quantities of 
manganese little success along this line has been achieved. 

The problem is sufficiently important to warrant the appointment 
of a special commission, with a corps of technical experts, to deter- 
mine the best means of treating the wastes, to develop the recovery 

of by-products and to suggest the legislative policy to be adopted. 
F. E. Danrets.’ 

7 Engineering Division, State Department of Health, Harrisburg, Pa. 
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ACID POLLUTION OF RIVER WATER 

Professor Young’s article’ on ‘‘Pollution of River Water in 

the Pittsburgh District” is an interesting and fairly representative 

account of conditions which are usually found in large coal mining 
sections, where the mine carries sulphur in a form which is readily 

changed into sulphuric acid and ferrous sulphate. Tables 1 and 2 

give the average composition of the river water before and after 

treatment at the works of the National Tube Company, located on 

the south-east bank of the Monongahela River just below the junc- 
tion with the Youghiogheny River. The damage caused by the 

TABLE 1 

Analysis of Monongahela River water—1920. Grains per gallon 

Elsle 
= ” 33 < < 

1.50} 3.99} 1.89) 2.38) 1.13)14.81) 3.49) 0.20) 5.10) 0.3 
1.60} 4.39} 2.07) 1.89) 1.28/20.46) 3.32) 0.24) 5.83) 0.3 

1.00) 3.18) 1.57; 3.66) 1.49/14.58) 2.50) 0.22) 3.84) 0.3 
0.80) 3.33) 1.79) 1.67) 1.11/11.08) 2.04) 0.27) 4.06) 0.3 
1.00) 3.75) 1.77) 0.86) 0.86)11.78) 3.03) 0.28) 4.59) 0.3 

0.70) 4.53) 1.95) 2.27) 1.17/15.39) 3.55) 0.42) 4.93) 0.3 
1.00) 5.80) 2.47) 0.63) 0.51/13.41) 3.67) 0.44) 5.32) 0.3 

August..............] 0.90) 4.56} 1.98) 0.87) 0.55)12.30) 2.16) 0.45) 5.27) 0.3 
September.......... 1.70} 6.77| 2.84) 0.65) 0.70)16.50) 2.68) 0.54! 8.60) 0.3 
October.............| 2.30} 8.67) 3.63) 0.45) 1.28/23.38) 2.08) 0.88)11.10| 0.3 
November.......... 1.50} 6.34; 2.64) 0.70) 0.80)18.36) 3.03) 0.61) 8.19) 0.3 
December........... 1.00} 3.23) 1.93) 0.83) 0.83)/11.08| 2.39) 0.30) 4.24) 0.3 

1.25} 4.88} 2.20) 1.40 0.9915. 26 3.00) 0.40) 5.92) 0.3 

excess acid in the water is, of course, a serious matter. Some of the 

statements of damage are, however, not due entirely to the presence 

of the acid in the water and would occur in any case. For instance, 
on page 211, Professor Young refers to the corrosion of locomotive 

tubes. At our McKeesport plant, we use alkaline treated water 

for both the locomotive and stationary boilers. In the stationary 
boilers, we have had no serious trouble with the tubes for ten years 
on account of pitting, but the locomotive tubes are often greatly 

damaged on account of corrosion inside of two years, the difference 

_ in this case being due to the large amount of oxygen in the locomotive 
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water where open feed water heaters are not used, which in the case 
of the stationary boilers remove three-fourths of the dissolved 

oxygen. With untreated river water the results with locomotives 

have been worse, of course, but most of the damage even in this 
case is due not so much to the acidity of water as to the combination 
of the acidity and free oxygen. 

In large buildings in New York City the hot water supply pipes 

and hot water heaters are seriously corroded in six or seven years, 

, TABLE 2 

Analysis of purified boiler water—1920. Grains per gallon 

sie 

1.9 |3.0 |2.2 0.80.71/0.50)0. 410.17 16. 67|2.79,0. 234, 85 
February........... 1.9 {3.0 |2.2 0.810.64 (0.320. 480. 

2.0 |3.2 |2.4 | 0.8/0.52/0. 2910, 51/0. 28)14.05 1.750. 273.07 
1.8 |3.0 |2.4 | 26 13.41/1.17/0.29,4.03 
1.1 |2.0 |1.8 | 0.2/1. 42/0.61/0.34/0.38)12. 13/1. 86/0. 26 4.47 
1.8 (3.0 |2.4 | 55/0. 40/14. 34)1.11/0.46 4.94 
1.8 |3.0 |2.4 | 47/5. 36 

2.0 |3.3 |2.6 | 0.70.88|0. 490.600. 29/16. 56)1.81/0. 48 5.44 
September.......... 1.7 |2.9 |2.4 | 0.5|0.95|0.34/0. 57/0. 17/23. 15|3.79|0. 597.89 

1.5 |2.5 |2.0 | 0.510.99)0. 46,0. 47/0. 20/26. 99)3. 50,0. 90 9.86 
November.......... 1.7 |2.8 |2.2 | 0.6/0.79\0. 40,0. 57/0. 23)25. 30)3. 76,0. 729. 02 
December.........../1.7 |2.8 |2.2 | 14. 

1.74'2.88)2. 26 0.6/0. 90,0. 46,0. 50,0. 27|18.03 2.58.0.44 5.70 

P = Phenolphthalein. 
M. O. = Methyl orange. 
CO; = Normal carbonate alkalinity. 

OH = Hydrate alkalinity. 

although New York City water carries no sulphates or mineral acids 
and is considered a very pure water in every respect. In Pittsburgh 
the water has somewhat less action on the hot water piping than in 
New York City, although the water has occasional periods of acidity. 

The Pittsburgh water is probably more active on the piping since the 

filtration plant was put into operation as there is now no sediment to 
collect on the inside of the pipe, which formerly offered mechanical 
protection from corrosion. As a rule the most corrosive waters are 

the purest waters, which are apt to carry more dissolved oxygen. 
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The domestic supply from the Allegheny River is better than water 
from the Monongahela River, the latter below McKeesport being 

used more generally for cooling purposes in the mills. 

Professor Young’s estimate. of the amount of acid dumped into 

the rivers from the mills in this district seems rather high, measured 
from our experience. On page 207, he states that fifteen tube mills 

use 200 tons of sulphuric acid per day. We operate one of the largest 

of these mills and use, when operating full, about 6 tons per day. 

These conditions, largely caused by the acid mine drainage running 

into the rivers, are however, certainly bad enough. This Company 

has been trying for various reasons to economize on the use of acids. 

Several schemes have been tried out to recover the acid from the 

waste pickle, but more progress has been made by removing a large 

portion of the mill scale from pipe mechanically instead of depending 

entirely on the pickling of the surface with acid. By the installation 

of a considerable amount of new finishing machinery for the removal 

of mill scale we have been able to save about 50 per cent of the acid 
used in pickling pipe for galvanizing. 

F. N. Spevuer.® 

EFFECTIVE DILUTION AS A POLLUTION UNIT 

The paper on “‘Effective Dilution as a Pollution Unit’’® by Mr. 
W. F. Wells is of noteworthy importance and deserves careful 
attention by scientific persons concerned with the study and control 

of the pollution of water. It is extremely unfortunate that the 
subject of the paper was so greatly misunderstood by Colonel Johnson 
in his severe and unmerited criticism,!® which may tend to obscure 
and befog the valuable and constructive idea that Mr. Wells has 
brought forth. For the significance of this idea may well be no less 
than to alter prevailing methods of study in one of the major prob- 
lems before this country. 

The treatise in very condensed form presents a new plan of attack 
on stream pollution study and control, by seeking a revision in the 

basic units and methods now commonly used in this field. By 
suggesting a unit which may equally well represent the effects of 

sewage pollution, trade wastes contamination, dilution, self puri- 

fication, sewage treatment and water purification, the author seeks 

® Metallurgical Engineer, National Tube Company, Pittsburgh, Pa. 

* JouRNAL, May, 1921, page 233. 
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to provide a common denominator for bacteriological, chemical, 
biological and engineering data, which may make it possible readily 

to evaluate the combined effects of the above mentioned processes. 
When it is realized how many costly investigations and programs 

have been and are now being made or attempted for the study and 

supervision of the pollution of watercourses, which so regularly 
prove to be futile and comparatively valueless and leave the problem 
more vexing and the investigators more discouraged than before, 

the urgent necessity for a thorough, critical analysis of the accepted 

methods of approach for these studies cannot be denied. 
Stream pollution is a matter of great economic, social and political 

importance and concerns not only the public health of communities 
in regard to water supply, bathing and foods, but the safety and 

operation of manufacturing processes, the uses of water for trans- 

portation, for the support of fish life and for purposes of recreation. 
From the point of view of all these various phases or uses of water, 
the pollution problem in different locations and at different times 
has been attacked, but never with more than one or possibly two 
ideas governing any one investigation. It is this method of trying 
to solve the problem of the pollution of a stream, by taking into 
account at any time only one of the major uses of the water courses 
to the neglect of all the other uses, which has brought stream pollu- 
tion control to a practical standstill, with the different interests 
involved generally ready to nullify each other’s action. By far the 
greater portion of the responsibility for this confusing and injurious 
situation must be placed on the technical, professional leaders and 
official investigators in this field. Failure to provide a broad and 
fundamental basis for evaluating the significant qualities which the 
various interests are concerned in finding and preserving in the 

water, whereby the sanitarian, the water works bacteriologist, the 
industrial chemist, and the conservation biologist might see their 

individual points of view conserved, in my opinion has been no 
small factor in presenting a true solution of the stream pollution 
problem. Such a basic unit is courageously urged in the paper of 

Mr. Wells. At present it seems to fulfill in a measure the re- 
quirements for such a unit. At any rate this proposal is certain 
to prove stimulating in the search for such a standard, 

Effective dilution as a unit for pollution values is used as a measure 
or vector for representing the concentration of pollution consti- 
tuents having equivalent effects. It is not to be confused with the 
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terms ‘‘direct dilution value” or ‘‘dilution required for disposal” 
as used in problems of sewage treatment. The suggestion of the 

unit ‘‘effective dilution” as a pollution basis, as stated in the paper, 

was presented in Prof. E. B. Phelps’ Reports on the Pollution of 
Boundary Waters for the International Joint Commission. Mr. 

Wells has enlarged the concept as found in those reports. He is 
the first to propose it definitely as a common denominator or uni- 

versal basis for the evaluation of all kinds of pollution concentrations 
and purification processes. He has arbitrarily established as his 

zero ‘‘effective dilution” the concentration of pollution found in one 
gallon of water containing the daily wastes of one person. From 

this point on Mr. Wells shows how a logical system can be developed 
for representing the effect of dilution of the wastes in the sewer, 
sewage and trade wastes treatment, river purification, direct dilution, 
storage and water purification. The principal value of the method 

lies in the convenience with which it is possible to convert one scale 
to another, to pass from bacteriological and chemical values to 

engineering values, from B. coli per liter or dilution positive to 

effective dilution and then to direct dilution or treatment required. 
Charts may thus be drawn up, and have already been so prepared 
with great success by the State Conservation Commission for 
certain New York Rivers, whereby, on one curve, the pollution values 

for a stream may be indicated for its entire course, taking into account 
at the same time the quality at its source, the entrance and extent 

of the pollution, the addition of direct dilution by tributaries and 
their pollution concentration, the self purification of the stream, 
and the quantities of stream flow. It provides a clear graphical 
presentation of the condition at any point on the stream and the 
effect of the various processes in operation in the stream. A more 
intelligent judgment is made possible with the aid of such a chart 
as to the points on the stream at which earliest control of pollution 
will be necessary, the condition of the stream for water purification 
purposes, etc.—in other words, the condition of the stream relative 

to any quality standards which may be expressed in chemical, bac- 

teriological or engineering units. 

Through the possibility of conversion of one kind of data to 
another, the accuracy of the plot or chart based on one set of data 
may be checked by securing values for points on the water course 
from independent data of another kind. One may determine 
in this way whether a chart for a stream, based on engineering 
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values, such as population and stream flow statistics, with values 

obtained for self purification, leads to correct conclusions, by com- 
paring the number of B. coli per liter equivalent to the effective 

dilution at a point on the stream with the average value based on 
actual analyses. The entire principle of effective dilution as a 

measure of pollution may be so readily tested as to serviceability 

and advantage, that it will probably not be long before its con- 

firmation or rejection as a valuable methodological device will be 
established. 

The rather harsh and stern criticism by Colonel Johnson is so far 

off the point that it misses altogether the theme of the paper and 

does a great injustice to the author. It is hoped that the present 
discussion has shown how incorrect it is to state that ‘‘Mr. Wells’ 

basic premise involves the reduction of the pathogenicity of sewage 
pollution by means of dilution with pure water” that ‘“‘it is the 
author’s desire to revolutionize the art of water purification.” 
As for the author’s statement that “‘in actual practice sanitarians 
have arrived at a time factor for storage reservoirs which may be 
considered the equivalent of safe water purification,’’ which is taken 

to mean that Mr. Wells stands for purification of water by storage 
as against purification by filtration of chemicals, a view I feel certain 

he does not hold, I can grant the critic a conceivable misunder- 

standing when taking the sentence apart from the rest of the text. 

That Colonel Johnson should question that such a view actually 
prevails anywhere is strange, since this very view is made the occa- 
sion for his elaborate paper in the JouRNAL.!’ Certainly it must 
be generally known that the use of storage as a partial equivalent 
of water purification was long the practice for the city water supply 
of London, England, where during the war, the coal shortage made 

curtailment of pumping and consequently of storage advisable 
and chlorination was instituted. In this country, too, storage is 
so relied on, perhaps injudiciously, by some of the largest of American 
cities as an equivalent to treatment, for the protection of their 
water supplies. But how remote, indeed, is this question from the 

main theme of Mr. Wells’ valuable paper. 

Sout Pincus." 

10 JouRNAL, May, 1921, page 270. 
11 Associate Sanitary Engineer, U. S. Publie Health Service, New York, 

N.Y. 
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EFFECTIVE DILUTION AS A POLLUTION UNIT 

The writer is glad that Mr. Pincus has championed Mr. Wells’ 
cause and has made plain the real purport of the author’s paper.?® 
He also is in hearty sympathy with Mr. Wells’ efforts to provide 
a reliable basis for determining pollution values. 

It is very possible that the writer misunderstood the real point 

which the author was endeavoring to make in his paper, but if this 

is so, as Mr. Pincus would have the writer understand, his mis- 

conception of the real purpose of Mr. Wells’ paper was entirely 

unintentional, and was occasioned by a considerable degree of 

cerebral density on the part of the writer or lack of clarity of ex- 

pression on the part of the author himself; perhaps a modicum of 
both. 

The writer has no desire to be considered unwarrantably guilty 
of the ‘‘severe and unmerited. . . . harsh and stern criticism” 
whereby Mr. Pincus characterizes his discussion of Mr. Wells’ 
paper. If what the author was driving at was the establishment of 

certain empirical unit values susceptible of ready use in determining 
the relative weights of various analytical results, as seems to have 

been the case, very well and good; but the impression left on the 
writer’s mind after reading the paper through several times was 

that decided credence was being expressed by the author in the 
feasibility of dilution to reduce the pathogenicity of human wastes 

to a plane of consistent reliability comparable with modern water 

purification practices. Even to suggest such a thing was to the 
writer’s mind entirely wrong and deserving of prompt and unmis- 
takable challenge. 

The writer submits in all modesty that if he himself got the wrong 

idea when reading the paper many city officials would be similarly 
misled, and perhaps become willing converts to the dilution idea 
because of the expense thus avoided for building water and sewage 

purification plants. Such doctrines cannot properly be advanced 

even in a suggestive way, and this single point would in a considerable 

measure seem to merit the adverse comments made by the writer on 

Mr. Wells’ paper. 
There is no such thing as Effective Dilution in the sense that dilu- 

tion alone can be relied upon continuously and consistently to render 
impure water pure and hygienically safe. The term is an unfor- 

tunate one. From what Mr. Pincus has to say it would seem that 
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Mr. Wells had no such idea in mind when preparing his paper. 
If so the writer missed the author’s main point altogether. The 

writer is in favor of any efforts made to standardize and improve 
analytical methods and their interpretation, but he is utterly op- 
posed to any proposition which will mislead the public into the 
conviction that all it has to do is to locate a big enough body of 

water and into it discharge its sewage, leaving to simple dilution 

the cardinally important duty of nullifying satisfactorily the nuisance 

of that sewage and its constant potential pathogenicity. 

GrorGE A. JOHNSON.” 

THE WASTE OF WATER IN DETROIT!® 

Since the presentation of the paper by Mr. Fenkell at the Cleve- 
land Convention, June 7, 1921, a careful examination has been 

made of the consumption and waste of water in a residential section 

of the better class, in Detroit. 

Description of section investigated. The section of the city se- 
lected for this investigation was bounded on the north by Joy Road, 
on the east by Linwood, on the south by North Grand Boulevard, 

and on the west by Grand River. It covered approximately two- 
thirds of a square mile in surface area, contained approximately 

13.9 miles of 6-, 8-, and 10-inch pipe, and housed 12,884 people, who 
were supplied with water through 2458 service connections. 

The dwellings were practically all of brick construction and the 

majority of them housed two families. There were 2 eight-apart- 
ment buildings, 2 six-apartment buildings, and 6 four-apartment 

buildings. There was one public school and one church with school 

attached. It is thus seen that there was practically a total absence 

of commercial consumption of water. 

Method of procedure. A 10-inch water main runs north and south 
through the center of the section with 6- and 8-inch laterals. Valves 
on the boundary lines of the section were closed so that water from 

one point only could enter, and a Pitometer was placed at the point 

of entrance of the water. Seven Pitometer measurements were 

made for periods of 24 hours each, showing the varying rates of flow 
of water and the total consumption for each period. A normal 
pressure was maintained throughout the measurements. 

12Consulting Engineer, 150 Nassau Street, New York, N. Y. 
This Journal ,page 583. 
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During one of these measurements, that of June 28 and 29, 
1921, a sufficient number of meter readers were put in the section 

to read all the meters in one day. The following day another read- 

ing was taken on each meter, in the same order as on the previous 

day, and as nearly as possible 24 hours after the first reading. In 

cases where the occupant was out, an estimate of the consumption 

was arrived at by an examination of the records of previous metered 

consumption. In the case of a few places that were not metered, 

the consumption was arrived at by determining the number of 
occupants with the number and condition of the plumbing fixtures. 

There were 1984 meters read for a total of 65,261 cubic feet, 

463 meters were estimated to register 14,276 cubic feet, and 

11 unmetered places were estimated to have a consumption of 

267 cubic feet. All of the above items of consumption were in- 

creased 5 per cent to correct for under-registration of meters. 

An examination of the accompaning charts showing the varying 

rates of flow of water into this section, indicates that the minimum 

or lowest rate of flow obtains from 2 a.m. to 3 a.m. An effort to 

obtain the exact distribution of this minimum night flow over the 

various blocks would of a necessity have limited the work to these 

hours. Because of the number of blocks involved, the investigation 

of the distribution of the night flow was carried on between the 

hours of midnight and 5 a.m. 

This gives a sum total of the block night rates somewhat in excess 
of the indicated minimum night rates on the chart, but it is believed 

that no serious error has been introduced in the study of conditions 
existing in the individual blocks. The section was divided into 

77 parts to determine the allocation of the minimum night rate 

of flow. 

A thorough inspection was then made of the condition of the 
plumbing fixtures in all premises, tests made to determine the pres- 

ence of leakage on service connections, and a census of the occu- 

pants of each building. The inspectors made records of the nature, 

location, and amounts of water wasted by the fixture leakage. The 

amount of waste was arrived at by watching the registration on 

the meter for a period of five minutes after having previously re- 

quested the occupants to refrain from using water during the inspec- 

tion. It is worthy of special mention that out of the 2458 service 
connections inspected for leakage, all but two were found to be tight. 
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Variations in consumption. The five charts submitted which 
show the rates of flow in the section under discussion, are of more 

than usual interest for several reasons: 

Chart 1 showing the rate of flow, starts at 4 p.m., June 20, 1921. 

This was a very hot muggy day, the temperature being 83° at 4 p.m., 

77° at 8 p.m., and 68° at midnight. The rate of flow at 4 p.m. was 
1,200,000 gallons per 24 hours, at 8 p.m. when the lawn sprinkling 

was at its height, this had increased to 2,100,000, and 4 hours later 

or at midnight had dropped to 560,000, the lowest rate (335,000) 

being reached at 4 a.m. when the temperature was 70°. The fol- 

lowing morning the weather was clear with an increased humidity, 

the temperature rising from 70° at 4 a.m. to 73° at 8 a.m. and reach- 
ing a peak of 90° at 1 p.m. . The rate of flow increased from 335,000 

gallons at 4 a.m. to 1,650,000 gallons at 8 a.m. Soon after 8 a.m. 

the weather became cloudy with indications of an approaching storm, 
and a consequent reduction in lawn sprinkling resulted. This re- 

duction was gradual until noon, and from then until 3 p.m. it was 

very rapid, going as low as 860,000 gallons. About 1 p.m. there 

was a severe electrical storm accompanied by a cloudburst and 
this resulted in practically no sprinkling on the evening of June 21. 
An interesting comparison between the sprinkling load on a 
hot dry day and on a day following a heavy rain is thus obtained. 
At 8 p.m. the hot day, the rate of flow was 2,100,000 gallons and at 

8 p.m. on the following day was 1,390,000 gallons or approximately 
35 per cent less. 

Chart 2 shows the rate of flow from 8 a.m., June 28, to 8 p.m., 
June 29, 1921; this was the period during which the meter readers 

were securing data on the metered consumption. The highest 
temperature was 79° on the morning of June 28, and the lowest 
was 69° at 7 a.m., June 29. There was slight precipitation, there 
being a light shower from 4 to 5 p.m., June 28. 

Chart 3 shows the rate of flow for three consecutive days, Septem- 
ber 14, 15, and 16. The maximum temperature was 81° at 6 p.m. 

on September 14, and the minimum was 59° at 4 a.m. on Septem- 

ber 16. There was practically no precipitation during these days and 
temperatures were possibly a trifle above normal, but on the whole 

they were typical fall days. The point of particular interest in 
this chart is the marked similarity in the rates of flow for the dif- 
ferent days. 

Be 
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Chart 4 shows the rate of flow for October 1, 15 days later than the 
previous chart, and is of interest because of the marked similiarity 
to the preceding chart; the rates of flow being somewhat less and 

the temperature being approximately 11 degrees lower. 
Chart 5 shows the rates of flow for October 12, 1921. It will be 

noticed that this chart has the same general characteristics as the 
two preceding ones; the temperature being practically the same. 

It is not frequently found convenient to secure charts showing the 

varying rates of flow in any one section at different seasons of the year, 
and where the internal conditions of the section vary as little as in this 
one. These charts would therefore seem to be of unusual interest. 

Investigation of use and waste. From 8 a.m., June 28, to 8 a.m., 

June 29, 1921, the consumption and waste of water in this section 
amounted to 786,000 gallons. Since there were 12,884 people in 
this section, this is equivalent to a per capita consumption from all 
causes of 61.06 gallons. The 786,000 gallons just mentioned 
contained items of underground leakage (20,000), street sprinkling 
(10,266), and the use of water in public buildings (5250) amounting 
to 35,516 gallons. When this amount is subtracted from 786,000 
gallons the per capita consumption becomes 58.31 gallons. 

Mr. Fenkell states in his paper that the average per capita con- 
sumption per day, determined by venturi meter measurement from 
July 1, 1920, to April 30, 1921, was 144.50 gallons. This figure con- 
tains many items not included in the section under discussion and if 
we subtract from the gross per capita consumption (144.50) the 
per capita values of the quantities which do not enter into this sec- 
tion as shown below, we find we have left 60.53 gallons as against 

Consumption of water in Detroit 

GALLONS PER CAPITA PER DAY 

Mr. Fenkell Special test 
section 

144.50 58.31 

49.40 

17.44 

3.98 
83.97 

60.53 83.97 58.31 

= 
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CHART NO. 4 

FLOW OF WATER 
BETTER CLASS RESIDENTIAL SECTION 

DETROIT, MICH. 
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our per capita figure just mentioned, 58.31 gallons, or approximately 
2} gallons discrepancy. 

There were found 917 defective plumbing fixtures to waste 211,031 
gallons per day, or at the average rate of 230 gallons per fixture per 

day. This is considerably less than the 977 gallons loss per leaking 
fixture as mentioned in Mr. Fenkell’s paper. This is not surpris- 
ing, for as stated by Mr. Fenkell, in the general procedure of the 
survey in many blocks where the night consumption was reasonable, 
no house to house inspection was made. In the investigation of 
this special section, all premises were inspected regardless of the 

amount of the night consumption. This section contained no old 

dwellings and there is a much lesser tendency toward leaking fix- 
tures in new dwellings than in old. 

As stated in the preceding paragraph, the waste by fixture leakage 
is believed to be 211,031 gallons and with 12,884 people in the section, 

this becomes 16.38 gallons per capita for fixture leakage. This 

compares with 22.33 gallons as was determined by Mr. Fenkell, 

and it is believed that his figure is nearer a fair average for Detroit 

than the one just submitted, for generally the class of people living 

in the special test section would not allow a bad fixture to waste 

water for any long period of time. 

In the special test section it was found: 

gallons 

2445 domestic metered accounts gave a per capita consumption. ..48.20 
11 domestic flat rate accounts gave a per capita consumption... 0.16 

48 .36 

We have already shown that the item of fixture leakage amounts 
to 16.38 gallons per capita. If we accept as reasonable Mr. Fenkell’s 

data on the amounts to be charged to lawn sprinkling (0.90) and 
carelessness (1.50), we have as the total amount of preventable 

domestic use and waste 18.78 gallons. Subtracting this from the 48.36 
gallons just mentioned, we have left as the amount chargeable to 

legitimate domestic use 29.58 gallons per capita. This compares 

with 25.23 gallons as found by Mr. Fenkell, and would seem to 
substantiate his figure very well, as his estimate covered all types 

of dwellings and all classes of people, whereas this rate applies 
to one particular class only. 

At the time of the 24-hour measurement of this section, the lowest 

rate of flow was 294,000 gallons or 22.82 gallons per capita. If we 

i 

ra 
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subtract from the 294,000 gallons the amount of water wasted by 
fixture leakage, 211,031 gallons, we have left as a net per capita 
night rate consumption from all other causes 6.44 gallons. This 

would appear to be very low, but if we bear in mind that the 
lowest rate of flow is in force for a very short period of time at night, 
this figure does not seem improbable. 

As stated on a previous page, the investigation as to the distri- 
bution of the night rate over the entire section was carried on be- 
tween the hours of midnight and 5 a.m., and this would ordinarily 

be the period during which the night rate of domestic use of water 
would be in force. The total amount of the night rate investiga- 
tion was 459,850 gallons and if we subtract from this the amount of 
fixture leakage, we have left a per capita night rate of 19.31 gallons 

which checks very closely the figure of 22 gallons as given by 
Mr. Fenkell. 

Very little underground leakage was found in this section. This 
condition is not surprising for the water mains have been laid for 
a comparatively short period of time. The absence of street car 
tracks would make it seem probable that there was practically no 

electrolysis. There is an absence of heavy trucking over the streets, 

reducing the leakage due to vibration. The character of the soil, 

an impervious blue clay, would have a tendency to send water from 
any leak of consequence to the surface. Two small hydrant leaks 
and two service leaks were found wasting water at a total estimated 
rate of 20,000 gallons per day. 

In spite of the facts mentioned in the preceding paragraph, it 

does not seem probable that the piping system is bottle tight, for 
when we stop to think that there are 440 lead joints in a mile of 
straight pipe laying, and that this number is considerably increased 
by the introduction of the necessary specials for valves, hydrants, 

and street intersections, it would seem that there must be some small 
item of joint leakage. We believe that a conservative estimate 
for this section is 3000 gallons per mile of pipe per 24 hours. Since 
there are 13.9 miles of pipe in the section, this item becomes 41,700 
gallons per 24 hours or a per capita rate of 3.23 gallons which com- 

pares with 2.44 gallons as shown in Mr. Fenkell’s paper. This 

per capita rate would vary of course with the density of the popu- 

lation, being less as the population increases. It would seem, there- 
fore, that Mr. Fenkell’s estimate is about correct. 
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Summary. The item of 786,000 gallons of water which was 

consumed or wasted in this section, appears to be divided into the 

following items: 

GALLONS | PERCAPITA 

PER PER 

24 HOURS | 24 HOURS 

on 633, 733 | 49.23 
Underground leakage (actual).....................eeeeee 20, 600 1.55 
Unavoidable underground leakage (estimated)........... 41,700 3.24 

786,000 | 61.06 

Many authorities disagree as to what percentage of the lowest 

rate of flow of water supplied any community is actually legitimate 

domestic use. It would seem that this would vary greatly with 

the character of the population, and in the section we have just been 
discussing, it is interesting to note that it appears to be less than 

8 per cent of the lowest rate of flow. This conclusion is arrived at 
in the following manner: 

gallons 

Estimated, unavoidable, underground leakage............... 41, 700 

272, 731 

272,731 gallons divided by 294,000 gallons, which is the minimum 

night rate of flow, gives as the percentage of the night flow wasted, 

92.8 per cent. This would seem to leave but 7.2 per cent of the 

water for domestic use. Our records show that the street flushing 

did not occur at the time of the minimum night flow. 
Following are the tabulated results of the sums of the items as 

shown by block investigation. From this it will appear that the 

gross per capita consumption for this section is 53.98 gallons, that 

the net per capita per day consumption is 31.81 gallons, that the 
gross per capita night flow is at the rate of 35.69 gallons per 24 hours, 
and that the net per capita night use of water is at the rate of 14.51 
gallons per 24 hours. 

It also appears that there are 5.2 persons per service, that the 
average daily consumption from all causes per service is approxi- 
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mately 320 gallons, and that the minimum night rate of flow per 
service is approximately 120 gallons. 

Average daily consumption...................--ee0: 786, 000 gallons 

Allowable leakage (3000 gal. per mile of pipe per 

Underground leakage: Number Amount 
Defective service connections.............. 2 10, 000 gallons 

2 10, 000 gallons 

4 20, 000 

Net amount of night rate charged to legitimate, domestic consump- 
tiom and fixture leakage..........000ccccrcccscces 390, 022 gallons 

11 
Number of places metered O.K. (no fixture leakage).......... 1, 923 

Number of places metered with fixtures leaking............... 524 
Number of unmetered places O.K. (no fixtures leaking)....... 9 
Number of unmetered places with fixtures leaking............ 2 
Actual and estimated leakage on 677 fixtures..209, 111 gallons per day 
Estimated leakage on 240 dripping fixtures. .... 1,920 gallons per day 
Total estimated and actual amounts of 

water wasted by fixture leakage.....211,031 gallons per 24 hours 

Detail of fixture leakage: 

Gross consumption per day: 
Actual metered.................. 65, 261 cu. ft. 1, 984 services 
Estimated metered............... 14, 270 cu. ft. 463 services 
Estimated not metered........... 267 cu. ft. 11 services 

79,804 cu. ft. 2,458 services 
Plus 5 per cent for meter slip........ 3, 990 cu. ft. 

83, 794 cu. ft. or 633,733 gallons 
per 24 hours 

Gross per capita consumption.................. 53.98 gallons per day 
Net per capita consumption................... 32.81 gallons per day 
Gross per capita night rate.................... 35.69 gallons per day 
Net per capita night rate..................005. 14.51 gallons per day 
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Comparison of the results shown in this investigation with those 
of Mr. Fenkell’s: 

GALLONS PER CAPITA 

PER DAY 

This in- Mr. 
vestigation | Fenkell’s 

Domestic: 

Service connection leaks.................00+2005 0.77 5.45 

; 49.13 56.16 

Municipal (only such of these items compared as appear 
in the section investigated): 

Sprinkling and flushing streets....................5. 0.79 0.53 

0.097 0.55 

1.197 4.09 
Water Works: 

0 3.98 

Minimum night domestic consumplion.............00000+ 19.31 22.00 

Unavoidable underground 3.23 2.44 
The estimate of the daily consumption will now appear 

as follows: 

2. Lawn sprinkling (estimated)...................06. 0.90 0.90 
3. Leaks in service connections...................06. 0.77 5.45 

19.55 30.93 

* At the time of the special investigation the schools were not in session. 

Subtracting 19.55 from the total domestic consumption as shown 

by this investigation (49.13), we have left 29.58 gal. for domestic 

use. Subtracting 30.93 from the total domestic consumption (56.16), 

as shown by Mr. Fenkell, we have left 25.23 gallons for domestic 

use. This comparison then becomes 29.58 against 25.23 as the 

amount of legitimate domestic consumption. 

Wo. A. Jones.'4 

14 Assistant Engineer, Pitometer Co., Water Board Building, Detroit, Mich. 
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| Chicago—122 South Michigan Boulevard. Minneapolis—Plymouth Building. 

Cleveland, Ohio—1150 E. 26th St. N. E. Austin—Scarborough Building. 
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TYPHOID TOLL 

GEORGE A. JOHNSON 
A Few Copies Still Available at the Secretary’s Office 

AMERICAN CAST IRON PIPE COMPANY 
MANUFACTURERS OF 

BIRMINGHAM, ALA. 

SALES OFFICES: 

Birmingham, Ala.—Box 908. Chicago, Ill_—512 First Nat. Bank Bldg. 
Columbus, Ohio—607 New Hayden Bldg. Dallas, Tex.—1217 Praetorian Bldg. 
Minneapolis, Minn.—712 Plymouth Bldg. Kansas City Mo.—716 Scarritt Bldg. 
New York City—261 Broadway. San Francisco, Cal —711 Balboa Bldg. 

Los Angeles, Calif.—439 East Third St. 

Warren Foundry and Machine Company 

Manufacturers of 

Cast Iron Pipe 

Bell and Spigot Flanged 

Special Castings and Fittings, Sizes 3” to 60” 

Our Motto for 58 years “Quality First” 

Sales Offices 

11 Broadway, New York 201 Devonshire St., Boston, Mass. 

Water Gas Sewers Drains Railroad Culverts 

Also Flexible Joint Pipe 

Works: Phillipsburg, N. J. 
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The Hersey Disc Meter, Model H F, is the product of thirty-five years of experience and refine- 
ment in the manufacture oi Water Meters. 

This Model in the smaller sizes, together with Model H D in the larger sizes, forma series which 
excels all Meters of all makes in all those essentials which go toward making up an exceptionally 
desirable Meter. 

HERSEY MANUFACTURING COMPANY 
Main Office and Works cor. E and 2d Sts. 

SOUTH BOSTON MASS. 
Branch Offices 

New York, N.Y. Philadelphia, Pa. Columbus, Ohio 
290 Broadway 132 Commercial Trust Building 211 Schultz Building 

Chicago, TIl. Atlanta, Ga. San Francisco, Cal. 
10 So. La Salle Street 618 Hurt Building 742 Market Street 
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“AUTOMATIC 
ALTITUDE 

REQuire ~ 

No VALVES 
No Floats 

ADIUSIMENT 

No Fixtures | 
INSIDE OF TAN 

Keep a Uniform ‘Stns of Water 
in Your Reservoir 

Stop wasting water and keep a constant head on your distribution 
system by equipping all reservoirs, stand pipes and tanks with 

GOLDEN-ANDERSON PAT. 
Automatic-Cushioned Controlling Altitude Valve 

1.—Insure uninterrupted service and a positive 5.—Can be opened and closed from distant 
water supply at all times. points by simple electric solenoid attach- 

2.—Prevent waste due to over-flow. ment if desired. 
3.—Contain no floats, fixtures. 6.—Can be made to work both ways to close 
4.—Absolutely cushioned by both water and air automatically on a single pipe linein case 

in opening and closing. No banging, water of a break. 
hammer or burst mains. 7.—Heavy construction throughout. 

GOLDEN-ANDERSON PAT. 

Automatic-Cushioned Water 
Pressure Reducing Valves 

1.—Maintain aconstant terminal water 
pressure under all conditions. 

2.—Positively cushioned by water and 
airin opening and closing. 

3.—Valve closes slowly, eliminating all 
shock and water hammer. 

ture to open valve to full area from 
distant points. 

GOLDEN-ANDERSON PAT. 

Cushioned-Water Service 
Valve 

“FOR FIRE SERVICE” 

1.—Can be opened and closed instantly from dis- _ 3.—Can be fitted with either d.c. or a.c. solenoid. 

tant points by electricity. 4.—Perfectly cushioned by water and air. Posi- 
2.—Current is only on a few’seconds, thereby pre- tively no metal to metal seating. 

venting waste. 5.—Can be closed by hand. 

Golden-Anderson Valve Specialty Co. 
1215 Fulton Building Pittsburgh, Pa. 
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PITTSBURGH 
METER COMPANY 
QUALIFIED BY Many Years’ Experience in Meter Buitpinc.~ 

ARCTIC—a frost-bottom meter 

for cold climates. 

KEYSTONE—an all bronze meter 

for warm climates. 

EUREKA—a current meter for 

large and rapidly flowing volumes 

of water. 

for KEYSTONE - COMPOUND — 

services requiring accurate meas- 

urement of small as well as large 

volumes of water. 

PITTSBURGH METER COMPANY 
General Office and Works - East Pittsburgh, Pa. 

SALES OFFICES: 

50 Church St. 
- 5S. Wabash Ave, 

Mutual Bldg. 

New YorK 
CHICAGO - 
Kansas CITy 

Cotumpia, - - 1433 Main St. 
Seatrte - Railway Exchange Bldg. 
Los ANGELES - - Union Oil Bldg. 
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Pumpin 
without 

Steam 

THE accompanying photograph shows two De Laval 
six-inch two-stage centrifugal pumps, driven by 

an 8-cylinder gasoline engine. Each unit has a capac- 
ity of 960 gal. per min. against 349 ft. head at 1400 
r.p.m. This combination offers the maximum of sim- 
plicity and reliability where water is wanted in large 
quantities and steam or electric power is not available. 
Units of this type are built for direct connection to en- 
gines using gasoline, natural and artificial gas and oil. 
The gearing, plungers, packings and valves of recipro- 
cating pumps are eliminated and the absence of heavy 
friction at starting is a great advantage where internal 
combustion engines must be started by hand. 

If you are interested in centrifugal pumps for 
any situation, write for our new Centrifugal 
Pump Catalog B94. 

Laval 
Steam Turbine Co. 

Trenton, N. J. 
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THE A. P. SMITH MANUFACTURING COMPANY 
EAST ORANGE NEW JERSEY 

Manufacturers of Water Works Specialties as Follows : 

Smith Tapping Machines for making connections 2” to 
36” inclusive, without shutting off the pressure. 

Valve Inserting Machines, for inserting Valves, 4” to 20” 
inclusive, in existing lines of pipe without shutting off 
the pressure. With this Machine Valves can be installed 
in front of Hydrants. 

Corporation Tapping Machine, for inserting Cocks 
under pressure. Light, durable and absolutely guaran- 
teed. 

Pipe Cutting Machines of various sizes for cutting 4” to 
54” pipe. 

Also manufacturers of High Grade Water Gates, Fire Hydrants, for 
both low and high pressure service, Brass Goods of every descrip- 
tion and various other Water Works Specialties. 

Send for circulars 

THE A. P. SMITH MANUFACTURING COMPANY 
EAST ORANGE NEW JERSEY 

CLEAN YOUR WATER MAINS 
One does not have to be an expert mathematician 

to figure out that a clogged water main calls for a 

stronger pressure and that in turn calls for more 

coal—and literally burning up money. We can | 

show you how to get dollar for dollar value out of | 

every ton of coal. We can show you how to clean ‘ 

the water mains quickly and cheaply. Send us 

| 
your address—that’s all we ask of you. 

National Water Main Cleaning Co. ; 
NEW YORK CITY | 
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A TRIDENT FOR EVERY SERVICE! 

More than a million and a half meters in service proclaim the 

pre-eminence of the Trident meter. 

That success could be achieved and was achieved by one factor 

alone,—the worth of every Trident made! 

NEPTUNE METER COMPANY 
50 EAST 42nd ST., NEW YORK CITY 

Atlanta Boston 

Cincinnati Denver 
San Francisco Los Angeles 

Chicago 
Portland 
Seattle 
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DRY CHEMICAL FEED 
MACHINES 

Accurate Economical 

Dependable 

SAVES LABOR, SPACE AND CHEMICAL 

PITTSBURGH FILTER & ENGINEERING COMPANY 
Oil City, Pa. 

Pittsburgh, Pa. Kansas City, Mo. 

NEW YORK OFFICE 

DON’T FORGET 

that the Association has headquarters in New 
York City, where the Secretary is ready to be 
of service to the members when possible. 
When in the City call at the ofice—make it 
your headquarters. Have your mail directed 
there if you have not made hotel reservations, 
and then come to the office for it, or direct 
the Secretary where you wish it sent. Jot the 
address and telephone number down in your 
note book NOW, so as to have it when needed. 

AMERICAN WATER WORKS ASSOCIATION 
153 West 71st Street Telephone Columbus 9546 
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WATER METERS 
A TYPE FOR EVERY CLASS OF SERV- 
ICE. ALL OF THE SAME UNVARYING 
QUALITY—THE BEST 

} CROWN Rotary piston design. Has been in successful 
use since 1879. Still a popular and standard article. 

NASH A practical and durable development of 
the familiar dise model. 

The revenue of 

any Water De- 

partment de- 
pends so essen- 
tially on the 
quality of its 

meters, that 

no operating 
official feels nowadays 

that he can afford to 

install any but the 
best and most reliable. 
We will*be pleased to 

send you, on request, 
figures on the earning 

power of our meters. 

EMPIRE 

in particular, have an enviable rep- 

utation for continuous accuracy and 

long service without trouble of any 

kind. 

NATIONAL METER CO. 
Established 1870 299 BROADWAY, NEW YORK 

Chicago; Boston; San Francisco; Cincinnati; Atlanta; Winnipeg, Man. and London, Eng. 

GEM Oldest, strongest and best 
of velocity meters. 

EMPIRE The best water meter 

made, 

EMPIRE-COMPOUND 

A combination of EM- 

PIRE and GEM. 

15 

| 
: 

| 
| 

Venturi 

type 

| 
| 

| 



AMERICAN AND NIAGARA 

WATER METERS 
5/8 INCH 
NEW 
AMERICAN 
WATER 
METER 

5/8 INCH 
NEW 
NIAGARA 
WATER 
METER 

Niagara and American Meters are of the dise type. 
The Niagara Meter has a galvanized cast iron outside 
casing; the American Meter has a bronze main casing 
with either a bronze base or a galvanized cast iron base. 
The works in the three different casings are the same 
and interchangeable. Upon opening the meter at the 
bolted flange, each intermediate gear may be imme- 
diately removed from its bearing, the measuring cham- 
ber lifted from its seat, the strainer slipped out, or the 
register tried by turning the stuffing box gear. All sub- 
merged working bearings are protected against sand 
and sediment. The hard rubber measuring disc is 
reinforced with a metal plate. Purchaser has option 
of round reading or straight reading register indicating 
cubic feet, U. S. gals., imp. gals. or litres 

Round Straight 

Reading Reading 

Register Register 

BUFFALO METER CO. 
ESTABLISHED 1892 

2914 Main St. BUFFALO, N. Y. 
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-DES MOINES= 

ALL STEEL TANKS 
have an established repu- 
tation for high quality of 
basic material, engineering 
design, shop fabrication and 
final erection, all productive 
of ultimate economy in 
service. 

INLET 

A corps of engineers is main- 
tained at each of our three 
plants, and no obligation 
will be incurred by request- 
ing information, or by per- 
sonal conference relating to 
municipal works. 

Why Try to Fill 
a Basket with 

Water? 

Hopeless job, isn’t it? — yet 

many municipalities are even 
now trying to do what amounts 

to the same thing—to fill eco- 

Pittsburgh-Des Moines 
Steel Company 

883 Curry Bldg., Pittsburgh, Pa. 

Pittsburgh, Pa. 
Des Moines, Iowa 
Chatham, Ont. 

Cone Flange Corporation Stops 
nomically a badly leaking water 

distribution system. The 

VENTURI | 
Waste Detector 

prevents the possibility of any 

assure absolute tight 

_ connections and re- 

main so with the set- 

tling of the ground. 

T 

T 

TH] 

Inverted Key Curb 

Stops and Flange 
Unions are made such hopeless endeavor over 

likewise an extended period of time, be- 

cause it locates quickly and 

conveniently serious leakage in 
We also make the 

FLAT FLANGE 

any district or section of a 

district. 

Literature on request 

SEND FOR A 

CATALOGUE 

“Builders of the Venturi” 

Providence Re FARNAN BRASS WORKS 
1104 Center St. CLEVELAND, OHIO 

Established 1852 

BuildersIron Foundry | 
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AVOID SAND WELL TROUBLES 
Wells drilled in sand, or sand and gravel formation are subject to clogging of the 
strainer, resulting in a reduction of output or even in ‘“‘losing’’ the well. 

With a properly designed strainer, and by installing the 

SULLIVAN AIR LIFT 
system of pumping and “Back-Blowing,”’ clogging can be—and is being prevented. 
Sullivan Air Lift Engineers h: ave spent much study and experiment on this problem. 
Their results are partly shown in these two sketches. 

L 

4 

CASING | 

| CASING-* 

TH WF 

| 

q 

4 4. 

sano 

Fig.1 Fig. 2 Fig 3 

In Fig. 1 isshown a properly designed strainer, which admits the fine materials, but keeps out the 
coarser particles. 

Fig. 2 illustrates the gravel collected around the strainer after the finer sand has been drawn into and 
pumped out of the well. It will readily be seen that this treatment forms a ‘‘gravel”’ strainer outside of 
the metal one and greatly increases the inflow area—keeps the openings of the screen free and open, and 
greatly increases the capacity of the well. 

3. Where the water bearing layer consists of fine sand, or quicksand, it is sometimes necessary to intro- 
duce gravel through one or more auxiliary holes drilled near the main well and terminating in the top of 
the sand layer, so that when the sand is removed by “‘back-blowing,”’ the gravel will roll in around the 
screen and form a gravel screen outside the metal one as in the first instance. 

If you have well troubles tell us about them—we are ‘‘trouble experts.” 
Ask for Sand Well Bulletin No. 4271E. 

DOMESTIC COMPRESSORS AIR LIFT DIAMOND DRILLS SHARPENERS FORGES 

N H Cleveland, Dal- 

las, Denver, Duluth, 

Paso, Huntington, 

W Ve. Joplin, Jun- 
eau, Knosville, New 
Vork. Pittsburgh 

St Louw, Salt Lake 

Sen Francieco MAC 
136 SoM 

HINERY COMPANY 
ichigan Ave. Chicago. 

SALES OFFICES FORGE HAMMERS COAL CUTTERS ROCK DRILLS DRILLING CONTRACTORS FOREIGN 

Birmingham, Boston SALES OFFICES 

Butte, Claremont Algiers, Brussels, 
Caleutta, Ch 
Durban, Nai 

na, Lima, London, 
Madrid, Menico City, 

Pans, San Juan, San- 

trago, Shangha:, Syd- 

ney, N.S. Tokyo, 

Teronto, Tunis, 

Vancouver 
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STANDARD FILTER ALUM 

HIGHEST QUALITY LOWEST PRICES 

QUICKEST SERVICE 

GENERAL CHEMICAL CO. 

112 WEST ADAMS STREET 
CHICAGO ILLINOIS 

SULPHATE OF ALUMINA 

CHLORIDE OF LIME 

LIQUID CHLORINE 

PENNSYLVANIA SALT MANUFACTURING CO. 
PHILADELPHIA 

STOP the continual waste of water. 

Stop using cast lead joints and cement. 

Stop the heavy maintenance cost. 

Use the only flexible leak-proof joint now known for high and low pressures. 

“ULCO” LEAD WOOL 
has been tested and tried by the foremost engineers who have pronounced it 
the ideal material for stopping leaks and keeping down the high up-keep of 
distribution. 

Ask us for data substantiating the above facts 

UNITED LEAD COMPANY 
111 BROADWAY NEW YORK CITY 

We specialize in the Design, Manufacture and Erection of 

ELEVATED STEEL TANKS and STANDPIPES | 
For Municipal, Railroad and Factory Service 

We also build Oil Tanks, Coaling Stations, Bridges, Turntables, 
Buildings and Structural Material 

Write today for illustrated catalogue No. 39 

CHICAGO BRIDGE & IRON WORKS 
SALES OFFICES 

Chicago, 1515 Old Colony Bldg. Seattle, Wash., L. C. Smith Bldg. 
New York, 3115 Hudson Terminal Charlotte, N. c. 501 Realty Bldg. 
Dallas, Texas, 1625 Praetorian Bldg. Atlanta, Georgia, 813 Forsyth 
Montreal, 260 St. James St. Bldg. 
San Francisco, Calif., 232 Rialto Bldg. Los Angeles, Cal., Wright & Cal- 

lendar Bldg. 
SHOPS 

Eastern, Greenville, Pa. (Pittsburgh District) 
CentRAL, Chicago, Illinois CanabiANn, Bridgeburg, Ontario 
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ABOUT OUR CONTAINER EQUIPMENT 

Aside from the size and variety of our container equip- 

ment, included in which are cylinders, ton drums and 

tank cars, we take pride in the manner and condition 

in which it is maintained and its usual availability for 

efficient service. 

Electro Bleaching Gas Co. 
PIONEER MANUFACTURERS of | LIQUID CHLORINE 

Plant: NIAGARA FALLS,NY 

Main office 18 East 41= Street New York Chicago office 11 So. La Salle St. 

Southwestern Representative: David Morey, Jr., 517 Praetorian Bldg., Dallas, Texas 

SULPHATE OF ALUMINA 
MANUFACTURED BY 

THE JARECKI CHEMICAL CO. 
CINCINNATI, OHIO 

FOR FULL PARTICULARS APPLY TO 

ISAAC WINKLER & BROTHER, Sole Agents 
CINCINNATI, OHIO 

BACK NUMBERS 
1921 

Any members having the earlier numbers of the present volume which 
they do not care to preserve will confer a favor upon the Association by 
sending such numbers to the secretary, as an unprecedented call for some 
of the numbers has almost exhausted the issue in some cases. 

J. M. DIVEN, Secretary 
153 West 71st Street New York, N. Y. 
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Over Fifty Million People in 
North America Daily Drink 

Water Chlorinated by 
W & T Apparatus 

Six of the fifty million live in New York City. 

4 

W & T Apparatus protects every drop of 

water supplied to the metropolis. This 
is one of the W& T installations on 

New York’s water supply. 

And by so doing are protected 
against water-borne disease. 

In 1913 an Urban population of 16,- 
s00,000 people were supplied with 
filtered water and the typhoid fever 
death rate was 16 per 100,000, 

At the close of 1920 an Urban popu- 
lation of over 50,000,000 people 
were supplied with CHLORINATED 
water (some of which was both fil- 
tered and chlorinated) and the ty- 

phoid fever death rate had dropped 
to § per 100,000. 

What further proof is needed of the 
efficacy of modern methods of water 
purification? 

W&T Apparatus to control the 
application of minute quantities of 
Liquid Chlorine (the 100% steriliz- 
ing agent) is the standard water 
purification equipment. 

How about your community? Our 

booklet “Why Chlorinate Water?” 

will be mailed to any address on 

request. 

Wallace & Tiernan Co., Inc. 

Manufacturers of W&T Chlorine 

Control Apparatus for the disinfection 

of sewage and for swimming pool 

sterilization and W&ST Equipment 

for paper and textile bleaching. Also 

the Booth Dry Feeder for the ap- 

plication of pulverized 

Newark, New Jersey 

BrancH OFrices 

Chicago - Atlanta - San Francisco 
Pittsburgh - Dallas - Kansas City 

Toronto, Canada 

chemicals. 
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The Ludlow Valve Mfg. Co. 

New York 
Chicago 
Boston - 
Philadelphia 

Kansas City - 

MANUFACTURERS OF 

Gate Valves 

Sluice Gates 

Check and Foot 

Valves 

Motor and Hydraulic 

Operated Valves 
ALL SIZES—EVERY STYLE—ANY PRESSURE 

Fire Hydrants 
Simple in Construction 

Efficient Frost-Proof 

“All parts removable without digging up hy- 

drant. Special device prevents street from being 
flooded should standpipe be broken. Minimum 

expense to install and maintain.” 

Office & Works Troy, N.Y. 

BRANCH OFFICES 
- No. 62 Gold St. 

- - No. 633 The Rookery 
is - No. 141 Milk St. 

- First National Bank Building 
- - R. A. Long Building 
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CANADIAN ENGINEER 
(Published weekly) 

Canada’s leading engineering paper. Reaches practically every 
city, town and county engineer and waterworks superintendent 

in all the provinces.—Has a national circulation. 

ASK FOR ADVERTISING RATES 

CANADIAN ENGINEER 

62 Church Street 

Montreal - - Toronto - - Winnipeg 

Regulating Valves for High Pressure 
i= The regulation of Reservoirs, Stand Pipes, etc. 

Steam, Water or Air 

Our Regulating Valves control the High 
Pressure Fire Service Systems of 

New York Brooklyn 
Baltimore Jacksonville 
Cleveland Cincinnati 

San Francisco 

ROSS VALVE MFG. CO. TROY, N.Y. 

DON’T FORGET THE 

GET A NEW MEMBER CAMPAIGN 
SEND FOR APPLICATION BLANKS 

J. M. DIVEN, Secretary 

153 W. 71st Street New York City 

S maintains a department for supplying 

If fie water works officials with the latest 
catalogs of machinery and supplies of 

AY Me (YG\ Till Tell us what you want and let us 

save you a lot of time and postage. 
Cit UY) No charge or obligation of any kind. 

‘on THE AMERICAN CITY 
Tribune Building New York 

23 
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LOCK JOINT WATER PIPE 

36 Inch Reinforced 

Concrete 

LOCK 
JOINT 

WATER 
PIPE 

Laid through Cumberland 
Mountains 

BUILT FOR 

PERMANENCE 

FEATURING : Low Initial Cost. Smooth Flow Line. 

Minimum Laying and Operating Costs. 

Strength. Durability. 

EVERY JOINT AN EXPANSION JOINT 

Lock Joint Pipe Renders Maximum of Service Water Lines, 
Storm and Sanitary Sewers, Culverts, Subaqueous 

Intakes and Outlets 

STANDARD CULVERT AND SEWER PIPE 
12” to 48” in Stock for Immediate Shipment 

LOCK JOINT PIPE CO. 
165 Broadway New York 

BRANCHES 

Denver Kansas City Salt Lake Seattle Winnipeg 
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CLARK TESTING INSTRUMENTS 

WILL EACH EARN 10 

TIMES ITS COST. 

Write for Bulletins B-C. 

; Clark Leak Indicator 

H. W. CLARK CO. 
Everything for Water 

Works 

118 South 17th Street 

MATTOON, ILLINOIS 

Clark Meter Tester—Six Different Sizes New York, Chicago 

HYTEMPITE 
(Reg. U. S. Pat. Off.) 

A dense, refractory plastic material, scientifically compounded, for bonding fire 
brick and for kindred uses. 

It forms a lasting union between materials joined, sets at normal temperatures 
and retains its strength up to temperatures at which the best quality of fire brick will 
become soft. 

It can be used as a binder wherever fire-clay brick, silica brick or tile are used. 

QUIGLEY FURNACE SPECIALTIES CO., Inc. 
Agents in 36 Cities 26 Cortlandt St., New York, N. Y. 

GLAUBER 
BRASS GOODS 

‘*The kind you wished you had always used”’ 

GUARANTEED FOR FIVE YEARS 

GLAUBER BRASS MFG. CO. Cleveland, Ohio 
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American Committee on 

Electrolysis 

SECOND REPORT 

The American Water Works Association has subseribed for 

a limited number of these reports, and offers them to its 

members at One Dollar per copy. 

This report contains the result of the research by the 

American Committee on Electrolysis to date, giving the status 

of the Electrolysis problem so far as it could be agreed upon 

at the present time, by the representatives of the nine organi- 

zations constituting the Committee. The American Water 

Works Association is represented on the Committee. Briefly 

the contents of the report are: 

a. Principles and definitions, 

b. Design, construction, operation and maintenance, 

c. Methods of making Electrolysis surveys, 

d. European practices. 

The American Water Works Association’s subscription to 

the expenses of the American Committee on Electrolysis was 

obtained by voluntary subscriptions, not taken from the funds 

of the Association. 

For copies write to the Secretary of the Association, 

J. M. DIVEN, Secretary, 

153 West Seventy-first Street, 

NEW YORK, N. Y. 
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NEXT CONVENTION 

will be held at 

PHILADELPHIA, PA. 
(Headquarters, Bellevue-Stratford) 

May 15-19, 1922 

Start your plans now to attend 

and 

DON’T FORGET YOUR NEW MEMBER 

5 
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BADGES 

THE AMERICAN WATER 

WORKS ASSOCIATION 
OFFiCIAL BADGE 

The above cut is a facsimile, enlarged, of the official badge or emblem 

of the Association. It is of gold and blue enamel, made with a pin, 

but can be made into a button or watch charm. 

The price in solid gold is $5.00 and they can be procured from the 

secretary. 

For badges address 

J. M. DIVEN, Secretary 

153 W. 71st St., New York, N. Y. 

These badges are not to be confused with the usual convention badge, but are for everyday use. 

For Advertising Rates 

WRITE 

J. M. DIVEN, Secretary 

153 W. St., 

NEW YORK CITY 
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MUELLER 
Goose Necks, Curb Cocks 
Extension Service Boxes 
The three items here shown — 

MUELLER Goose Neck No. E-500, 
MUELLER Curb Cock No. E-565, and 
MUELLER Extension Service Box 
No. E-751—embody the MUELLER 
standards of design and precision in 
manufacture. 

Most Water Companies recognize 
MUELLER leadership—and find that 
MUELLER equipment reduces oper- 
ating costs and increases dividends. 

Write us for detailed information, 
prices on these and other items, and 
proof of mue.cer efficiency. 

A. Mueller Mfg. Co., Decatur, Ill. 
PHONE BELL 153 

Water, Plumbing & Gas Brass Goods & Tools 

New York City, 145 W. 30th Street 
Phone Watkins 5397 

San Francisco, 635 Mission Street 
Phone Sutter 3577 

Sarnia, Ontario, Canada 

Mueller Metals Co., Pt. Huron. Mich.. Makers of Red 
Tie Brass and Copper Rod and Tubing: Forgings 

and —— in Brass, Bronze and Aluminum: 
also Screw Machined Products. 
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Dependable Water Supply— 
16,000 FEET OF ‘UNIVERSAL’ 

giving perfect service 

~—Biltmore, N. C. 

no packing no calking no bell holes 

THE CENTRAL FOUNDRY COMPANY 
Q9OWEST STREET. NEW YORK..N-Y. 

393 

Sales Offices: New York, Chicago, Atlanta, Dallas, San Francisco 
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MURRAY | 
IRON WORKS COMPANY 

(Incorporated 1870) 

BURLINGTON, IOWA, U.S. A. 

INDEPENDENT BUILDERS OF PUMPING ENGINES 

Murray High Duty Crank and Fly Wheel Pumping Engine, Opposed Type 

ENGINEERS, IRON FOUNDERS, BOILER-MAKERS 

MURRAY CORLISS ENGINES 

WATER-TUBE, FIRE-TUBE, & INTERNAL-FURNACE 
BOILERS 

DESIGNERS AND BUILDERS OF 
COMPLETE POWER PLANTS 

‘ 
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TWELVE REASONS WHY 
YOU SHOULD USE 

U. Parent Grres 

FOR JOINTING C. lL WATER MAINS 

1—Durability. Leadite joints improve with age. Leadite was tested 
out for 10 years before it was placed on the market, and has now been 
commercialized for more than 15 years, giving it a lifeof over 25 years. . 

2—No Caulking. Leadite joints require no caulking because the 
Leadite adheres to the pipe, making a water-tight bond, 

3—Comparative Quantities. One pound of Leadite is equivalent to 
four pounds of lead because Leadite is so much lighter than lead. 

4—Labor Saying. Saves caulking charges and digging of large bell-holes 
and reduces the cost of trench pumping to the minimum, facilitating 
rapid completion of the work. 

5—Cost. Its use saves at’least 50% to 75% over lead, owing to the 
z saving effected in material and labor. 

-6—Tools. As no caulking is required, fewer tools are needed. 

7—Transportation. Considerable freight charges are saved beeause 
Leadite is lighter than lead, and therefore you move only one-fourth 
the weight of jointing material. 

8—Electrolysis. Leadite resists electrolysis. However, electrical 
thawing apparatus may be used for thawing out frozen mains or 
services. 

9—Fuel. Saves fuel because you melt only one pound of material instead © 
of four and not as much heat is required to melt Leadite as is needed 
to melt lead. Leadite will notexplode or splutter when poured into 
wet or damp joints. 

10—Delivery. Wecan make prompt shipments, 

11—Damage Suits. Claims for damages caused by joints blowing out 
are prevented because Leadite joints will not blow out under any 
pressure. 

12—Users. -Progressive water works all over the country use Leadite and 
thousands of miles of pipe jointed with Leadite are in service. 

Leadite is the pioneer self-caulking substitute for pig lead. © 

Be sure it is Leadite, and accept no imitations. 

THE LEADITE COMPANY, Inc. 
LAND TITLE BLDG. PHILADELPHIA 

‘ 

1 4 

q 

j 

= 

4 

an 

t 
4 

a 

a 

~ 

| 

‘ 

4 




